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Chapter  9- 


HYDRAULIC  DESIGNS  OF  PIPELINES. 


9.1.  Basic  condi  tion/posi  tions. 


The  basic  task  of  hydraulic  design  of  the  pipelines  of 
thermal  grid/networks  is  the  determination  of  the  diameters 
of  pipelines  and  losses  of  pressure  with  the 
assigned/prescribed  coolant  flow  rates  or  the  determination 
of  pipeline  flow  efficiency  with  the  assigned/prescribed 
available  pressure  differential. 


The  determination  of  the  diameters  of  pipelines  is 
produced  by  the  total  winter  calculated  hourly  consumptions 
of  heat  carrier.  Independent  of  the  results  of  calculation 
the  throat  diameters  of  tubes  are  accepted:  for  distribution 
networks  40  mm  and  for  branches  to  separate  buildings  25  mm. 
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For 

the 

selected 

diameters  of 

the 

pipelines 

of 

wa  ter 

thermal 

grid/networks 

if  necessary. 

a re 

determined 

t he 

losses 

of  pressure 

with  the 

consu  mption 

of  water,  which 

d if fe  r 

from  the  calculated:  summer,  during  maximum  selection  to  hot 
water  supply  in  two- funnelled  grid/networ ks  in  the  open 
system,  etc.  The  results  of  calculations  are  considered  when 
selecting  of  the  characteristics  of  the  network  and  booster 
pumps  and  during  the  development  of  hydraulic  (hydrodynamic) 
condit ions/modes. 


During  the  determination  of  the  diameters  of  steam 
lines,  specific  losses  of  pressure  on  friction  calculate  on 


the  basis  of  the  taken 

jump/drop 

in 

the  pressures 

pair. 

considering  its  initial 

parameters 

of 

heat  source 

a nd 

assigned/prescribed  - in 

user.  In 

steam  lines  is 

d eter  mined 

also  a temperatjre  drop  pair  that  has  important  value  at 
the  assigned/prescribed  final  temperature  the  pair  in  user. 

When  selecting  of  the  diameters  or  composite  condensate 
pipings,  specific  losses  of  pressure  determine  on  the  basis 
of  pressure  differentials  among  condensate  removal  device  and 
by  receiver  tank  of  condensate  taking  into  account  the 
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Pig.  9.1.  Nomogram  for  hydraulic  design  of  pipelines  of 
water  thermal  grid/notworks  with  *,-0.3  mm  and  jr  = 958 
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Example  1.  It  is  given 

to  G = 20  m/h; 

Ah 

= 10  kgf/m2 

m.  Connecting  in  series 

points  1,  2,  3 

and 

4 , we  find 

point  5 o,-3 s.5  mm. 

Example  2.  Is  given 

o,—3io  to  mm;  Ah  = 

5 

kgf/m2  m. 

Connecting  consecutively 

of  point  1»#  2** 

3', 

4',  we  find 

in  point  5*G  = 330  t/hs. 

Key:  (1).  kgf/m*  m.  (2).  Calculated  coolant  flow  rate  G in 

t/h. 


Page  106. 

For  approximate  hydraulic  designs  of  water  thermal 
grid/networks,  is  given  the  nomogram  of  Fig.  9.1. 

The  throughput  capacity  of  thermal  grid/networks  for  the 
average  conditions  of  the  transport  of  heat  carrier  can  be 
approximately  determined  by  Table  9. 1-9. 4. 
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Table  9.1,  The  pipeline  flow  efficiency  of  water  thermal 
yr  id/networks  (*,  = 0,5  »■;  y * 958.4  kg/m3). 
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Mote.  Throug  hpat  capacity  in  gcal/h  is  gi/en  for  purely 
heating  load. 

Key:  (1).  The  internal  diameter  of  tubes  J>  in  mm.  (2). 

Throughput  capacity  in  t/h  with  specific  loss  of  pressure 
on  friction  Ah  in  kgf/m*  m.  (3).  Throughput  capacity  in 
gcal/h  with  temperature  curve/gtaPhs  in  °c.  (4).  Specific 
loss  of  pressure  on  friction  Ah  in  kgf/m*  m. 


I 


Table  9.2.  Throughput  capacity 
U-shaped  compensators  with  the 
order  of  1 atm (tech) /km  taking 
(*,-o.2  mra)  . 


in  t/h  of  steam  lines  with 
loss  of  pressure  on  the 
into  account  local  resistance 
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Conditional  passage  of  tubes  J)j  in  mm.  (2) 
paic  lpa£  in  kg/cm*,  t in  <>c,  y in  ky**. 

|*»ge  107. 


Key;  (1). 
Parameters 


7-2.  Basic  calculation  formulas. 

Loss  of  pressure  on  the  section  of  pipeline  is 
determined  from  the  formula 

+ \HU  = \htnp  (Cgf/B*  (9.1) 

where  \Hrp  - loss  of  pressure  on  friction  in  kgf/i?; 

A//.-  loss  of  pressure  in  local  resistance  i„  kgf/B*. 

Ah  - specific  loss  of  pressure  to  friction  in  kgf/m* 

m; 

>np~  the  reduced  length  of  pipeline  in  m. 
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Loss  of  pressure  on  friction  is  determined  from  the 
f ormul a 


sh,p  = \hl  kgf/n* 

where  Z is  length  of  the  section  of  pipeline  according  to 
the  plan  in  m. 

Loss  of  pressure  in  local  resistance  is  determined  from 

the  f or  mu  la 


^ \il  - Ahl,  kgf/B*  (9..T, 

where  /,  is  eguivalent  length  of  local  resistance  in  m; 

v - the  rate  of  heat  carrier  in  m/s; 

g = 9.8  ra/s*  - the  acceleration  of  the  freely 

falling/incident  body; 

7 - the  average  specific  gravity/weight  of  heat  carrier 

on  the  designed  section  of  pipeline  in  kG/m3; 

IJ  !•  a sum  of  the  coefficients  of  local  resistance 

on  section; 
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£ - the  value  of  coefficients  for  each  farm  of  local 

resistance  (catch#  valv^/gate,  branch/removal  and  so  forth). 

Specific  loss  of  pressure  on  friction  is  determined 
from  the  formula 


M ).  = o,<m>  8 x — — kg f/a*  ■ «. )) 

2g d,  v 

“here  X is  a coefficient  of  hydraulic  frictional  resistance 
(value  dimensionless); 

G - calculated  coolant  flow  rate  on  the  designed 
section  in  t/h; 


tube  bore  in  ®. 


The  reduced  length  of  pipeline 

formula 

/r.p  - / + /,*• 

The  equivalent  l«ngth  of  local 

from  the  formula 

/.  t.  Vt 

x 


is  determined  from  the 


(9  •>) 

resistance  is  determined 


(9.6) 
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The  welded  butt  welds  of  tubes  during  the  calculation 
of  the  equivalent,  length  of  local  resistance  are  not 
considered. 

In  the  absence  of  the  data  on  character  and  number  of 
local  resistance  on  pipeline  the  equivalent  length  of  local 
resistance  can  be  determined  approximately  according  to  the 
formula 

(9  7) 

where  a - the  coefficient,  which  considers  the  portion  of 
a pressure  drop  in  local  resistance  with  respect  to  drop 
in  pressure  to  friction,  it  is  possible  to  accept  according 
to  Table  9.5. 


Bore  and  pipeline  flow  efficiency,  but  also  the  rate 
of  heat  carrier  are  determined  from  the  formulas: 
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Table 
gasket 
of  1 


9.3.  Throughput  capacity  in 
compensators  with  the  loss 
at  on  1 km  taking  into 
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Key:  (1).  The  Internal  diameter  of  tubes  D in  mm.  (2). 

2 y o 

Parameters  pair  Ppa£  in  kg/cm  , t in  °C,  y in  kg/m  . (3)- 

transit  grid/networks.  (*l).  branched  grid 'networks . 


Table  9.4.  The  throughput  capacity  of  condensate  pipings  in 

t/h  (*,-i  ? * 958.4  kg/**)  . 


K«y:  (1).  The  internal  die  eater  of  tabes  J3y  in  ae.  (2). 

Specific  loss  of  pr#ssar«  oa  friction  Ah  ia  kgf/a*  a. 

I 
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During  the  turbulent  state  of  motion  of  heat  carrier 
the  coefficient  of  hydraulic  frictional  resistance  k for 
steel  tubes  is  determined  from  the  formulas:  for  turbulent 
motion  in  the  region  of  quadratic  law  when  Re^Re„P  by 

the  P^andf l-Nikuradae  formula 

, l 


where  *,  is  equivalent  roughness  of  tube  in  s; 


fMi) 


Re  - Reynolds  number; 

Re tv  - the  limiting  value  of  Reynolds  number; 

for  turbulent  motion  in  transition  region  when  Re<Re„ 
along  the  forsula  of  Colbrook- White 

x = r — irvr  (9-,2> 


For  the  facilitation  of  the  calculations  of  formula 
(9.11)  and  (9.12)  are  represented  in  graphic  fora  (Pig.  9.2 
and  9.3). 


Reynolds  nunber  is  determined  froa  the  formula 

Re  = — t . 


V 


(013) 
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where  v - the  kinematic  viscosity  of  heat  carrier  in 
m2/s. 

The  value  af  Reynolds  number  can  be  determined  by  the 
nomograms  of  Fig.  9.4  and  Fig.  9.5. 

The  kinematic  viscosity  of  heat  carrier  are  determined 
from  the  formula 

v = — ro*7s  (9.14) 

Y 

where  p - the  dynamic  viscosity 
of  heat  carrier  in  kgf  s/m2; 

g = 9.8  m/s2  is  acceleration  of  the  freely 

falling/incident  body. 

The  limiting  value  of  Reynolds  number,  which 
characterizes  the  boundary/interface  of  transition  region  and 
region  of  quadratic  law,  is  determined  from  the  formula 


(».15) 


\ 
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Table  9.5.  Coefficient  a for  determining  the  total 
equivalent  lengths  of  local  resistance. 
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condensate  pipings 


Gasket 
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Pig.  9.2.  Graph  for  determining  coefficient  of  friction  drag 
in  region  of  quadratic  law  when  Re>Re„j> 


(8).  To.  (9). 
U-shaped  with 
grid/net works. 


U-shaped  with  the  bent  branch/removals.  (10) . 
welded  branch/removals.  (11).  Branched  thermal 


Key:  (1).  Coefficient  of  friction  drag  (2). 

D.  in  nun . 
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Page  109. 

To  the  limiting  values  of  Reynolds  number  Re0p  correspond 
the  limiting  values  of  the  velocities  of  heat  carriers 
and  of  maximum  discharges  finp.  which  they  are  determined  from 
the  formulas: 


t'ltp  ■=  .'60  - 5480  -7-  ■/*  (9. 16) 

*•  yk9 


-»np 


-60 


is 


The  ratio  of  equivalent  roughness  to  tube 
called  relative  equivalent  roughness. 


bore  ~ 

o. 


During  hydraulic  designs  of  the  pipelines  of  thermal 
grid/networks  the  value  of  equivalent  roughness  is  taken: 


for  water  thermal  grid/networks 


. • . * — O.S  MM 
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For  steam  lines.  *,=02 

For  condensate  pipings.  mrn 

Loss  of  pressure  on  friction  and  in  local  resistance, 
and  also  the  throughput  capacity  of  the  existing  thermal 
9tid/net works  taking  into  account  a change  of  the  equivalent 
roughness  in  the  process  of  operation  are  determined  on  the 
basis  of  tests  by  the  formulas: 


a//  = ihc  ^ kgf/i*  (9. 18) 

°'c 

° = °c  Ytkt/h  (9  19) 

a//c  - the  total  loss  of  pressure  on  friction  and  in 
local  resistance  in  the  existing  thermal  grid/networks 
according  to  the  data  of  measurements  in  nature  in  kgf/ra* 

c*  i*  a coolant  flow  rate  by  which  was  measured  the 
loss  of  pressure,  in  t/h. 
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9.3.  Calculated  coolant  flow  rates. 

The  winter  calculated  hourly  consumption  of  network 

water  for  hydraulic  design  of  two-funnelled  water 

9rid/networks  takes  as  equal  to  the  sum  cf  the  calculated 
winter  hourly  consumptions  of  water  by  the  users  who,  in 

turn,  are  equal  to  the  sum  of  the  calculated  hourly 
consumptions  of  water  for  heating,  the  ventilation  and  the 

hot  water  supply,  determined  by  the  formulas,  given  in 
Table  9.6  and  9.7. 

The  summer  calculated  hourly  consumption  of  network 

water  for  hydraulic  design  of  two-funnelled  water  thermal 

grid/networks  is  taken  equal  to  the  sum  of  the  summer 
calculated  hourly  consumptions  of  water  by  users  for  the 
hot  water  supply  of  those  determined  by  the  formulas,  given 

in  Fable  9.8. 
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Fig.  9.4.  Nomogram 
(with  t = 100°C). 

Example.  Given  ot-ioo  min;  G = 0.5  t/hs;  t = 30°C. 

Connecting  in  series  points  1 and  2,  we  find  in  point 

3 h* We  determine  r«»-r«i»<i.-62so  . 

Key:  (1).  in  t/h. 

Page  110. 

The  winter  and  summer  calculated  hourly  consumptions  of 
network  “ater  for  hydraulic  design  of  separate  thermal 
grid/networks  for  hot  water  supply  are  received  by  equal  to 
the  sum  of  the  winter  or  summer  calculated  hourly 
consumptions  of  water  users  for  hot  water  supply,  determined 
according  to  the  formulas,  given  in  Table  9.9. 

Winter  calculated  hourly  consumption  pair  for  hydraulic 


design 

of 

steam  lines  defines 

as 

su  a 

of  calculated 

hourly 

consumptions 

pair  by  users 

for 

technological 

processes. 

heating. 

ventilation 

and 

h ot 

water  supply 

page 

3 

for  determining  Reynolds  number  for  water 
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Calculated  hourly  consumption  pair  for  hydraulic  design 
of  the  steam  lines  of  the  saturated  steam  they  determine, 
taking  into  account  the  additional  consumption  pair,  which 

goes  to  the  compensation  of  the  condensable  vapor. 

In  the  formulas  of  Table  9.6-9.  9: 

Q;-  Q,  - the  maximum  hourly  consumptions  of  heat 
respectively  for  heating  and  ventilation  without  taking  into 

account  of  the  losses  in  the  pipelines  of  thermal 
grid/networks  in  kcal/h; 

Q?1*';  Q, tp  - with  respect  maximum  hour  and  hourly  mean  heat 
consumption  for  everyday  hot  water  supply  for  the  days  of 

the  greatest  water  consumption  without  taking  into  account 
of  thre  losses  in  the  pipelines  of  thermal  grid/networks  in 
kcal/h; 

the  relation  of  hourly  mean  heat  consumption 
for  hot  water  supply  to  maximum  hour  for  the  heating, 
accepted  as  basis  during  the  construction  of  the  increased 
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or  corrected  graph  of  the  temperatures  and  for  a 
concrete/specific/actual  user; 


t*.*  - the  calculated  temperature  of  surrounding 
respectively  for  the  planning  of  heating  and  for  the 
planning  of  ventilation  in  deg; 


/I  is  teaperature  of  surrounding  air  in  salient 
of  heating  graph  in  deg. 


hjr*-  ■ 

»!  Spdwiia 

[—j 

2 - i - 


|-;Si 


Fig.  9.6 


■ 4a 
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Fig.  9.5.  Nomogram  for  determining  Reynolds  number  for  pair 


Example.  Is  given 


mm;  G = 1 t/h;  P = 40 


kg/cm* ; t = 400  °C.  Connecting  in  series  points  1 and  2, 


we  find  in  point  3 Ri„#M-i76,5oo 

176,500*0.82  = 145,000. 


We  determine  h<-„,-ri-hom  a>i 


Key;  (1).  in  t/h.  (2).  Pairs  Saturated.  (3).  Pairs 
overheated  with  kg/cm*. 


Table  9.6.  Formulas  for  determining  the  calculated  hourly 
consumptions  of  network  water  and  the  specific  consumption 

of  network  water  by  users  for  heatiog  and  ventilation. 


(/) 

C CTfMU 


CxeWM  npMC  ‘fiM- 

Ni'NHfl  CHCTCMM 


( Af')+npny.ia 


if.1l.HM ft  paCXOi  n<)SM  ■ Kf  ; 

hi  1 kkci.i  h pacMerHoro  pacx  At 
ren.ia  non  ( a *C 


95-70  I 130-  70  150-70 
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Notes:  1.  The  numerals,  noted  by  chain  wheel,  are  the 

averaged  at  the  different  temperatures  of  surrounding  air 
for  the  planning  of  ventilation  consumption  of  water. 

2.  With  increased  graph  of  temperatures  in  thermal 

grid/networks  in  formulas,  noted  by  two  chain  wheels,  they 
accept  u-'u.. 

Key:  0).  Systems-  (2)-  Diagrams  of  the  connection  of 

system.  (3).  The  calculated  temperature  of  surrounding  air 
for  the  planning  of  heating  and  ventilation  in  °C.  (4). 

Formula.  (5).  Specific  consumption  of  water  in  kg/h  on  1 
kcal/h  of  the  calculated  heat  consumption  when  tz'-zl  ) in 

‘ 7 M.  0 

°c.  C6)  . Heating.  (7).  Direct-  (8).  Independent.  (9). 


Ventilation. 
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Pages  111  and  1 12. 

calcrulat  ed 
water  supply  Gp 
water  thermal 

grid/Betworics. 


Table  9.7.  Formulas  for  determining  the  winter 
hourly  consumptions  of  water  by  users  for  hot 
in  hg/h  for  hydraulic  design  of  two- funnelled 


(/) 

• m 

a c. 

V *- 

-- 
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orcP 
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<(-r 'r-v, 
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Key:  (1). 

system. 

(2)  . 

Des ign 

temperature  chart. 

(3)  • 

Diagrams 

of  the 

connection  of 

local 

water 

heaters  or 

pipelines 

of  hot 

water 

supply* 

(4)  . 

During 

the 

setting  up 

of  local 

storage 

tanks 

for  the 

calculation 

of 

all  sections 

of  thermal  gr  id/networks.  (5).  In  the  absence  of  local 
storage  tanks.  (6).  for  the  calculation  of  main-line  and 

distributive  thermal  grid/networks.  (7).  for  the  calculation 
of  branches  to  separate  buildings*  (8).  Closed.  (9)  . 

Heating.  (10).  parallel.  (11).  Connected  in  series.  (12). 

The  mixed  is  two-stage.  (13).  Consecutive  is  two-stage. 

(14).  Increased.  (15).  Consecutive  is  two-stage.  (16).  for 
users  with.  (17).  Opened.  (18).  Corrected.  (19).  Feed.  (20). 

Feeding  and  reverse/inverse.  (21).  Reverse/inverse.  (22).  for 
users  with. 


FOOTNOTE  *.  For  return  line  the  consumption  is  egual  to 
zero.  END  FOOT  NOTE* 


Pa9e  113. 
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Ti*!  Tio  - temperature  of  network  water  on  heating  graph 
when  Vo  respectively  in  delivery  pipe  and  in  return  line 
from  heating  system  in  deg; 

ti" ; *2.  ~ the  temperature  of  network  water  on  heating 
graph  when  v»  respectively  in  delivery  pipe  and  in  return 
line  from  ventilation  system  in  deg; 


t,'„  is  temperature  of  network  water  in  delivery  pipe  on 

the  increased  or  corrected  graph  when  /«.»  in  deg; 

Tf:  T^o  is  temperature  of  network  water  in  salient  point 
of  heating  graph  when  respectively  in  delivery  pipe  and 

in  return  line  from  heating  system  in  deg; 

*i"„  - the  temperature  of  network  water  in  delivery  pipe 

on  the  increased  graph  in  salient  point  cf  graph  when  /' 
in  deg; 

is  temperature  of  network  water  after  the  in 

parallel  connected  water  heater  of  hot  water  supply  in 
salient  point  of  graph  when  <1  in  deg; 


< - 


the  temperature  of  network  water  in  delivery 


pipe 
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in  summer  period  in  deg; 

- the  temperature  of  network  water  after  local 
water  heater  in  summer  period  in  deg; 

fi.„  - the  temperature  of  cold  tap  water  respectively 
in  winter  and  summer  period  in  deg; 

t,  - the  temperature  of  the  hot  water,  which  enters 
the  local  system  of  hot  water  supply,  in  deg; 

4 is  temperature  of  tap  water  after  the  water  heater 

of  first  stage  in  salient  point  of  graph;  is  recommended 
to  accept  = (*20  — 5)aC. 

c - the  heat  capacity  of  water  in  kcal/kg  deg  are 
allowed  of  equal  to  1 kcal/kg  deg. 

The  consumption  of  the  condensable  vapor  on  this 

section  of  steam  line  is  determined  from  the  formula 


G,  _ io-H/h  (9  *» 


where  r is  heat  of  vaporization  in  kcal/kg,  the 
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corresponding  to  mean  pressure  pair  on  calculated  section  by 
length  l m; 

<cp  - mean  temperature  is  pair  on  the  designed  section 

in  °C; 


t0  - an  ambient  temperature  in  deg  is  accepted:  in 

the  impassable  channels  t0  = 0°C;  in  the  passage  channels 

t0  = 40°C;  with  above-grade  packing  'o=<h.„"C; 

is  the  specific  heat  loss  by  the  isolated/insulated 
steal  line  taking  into  account  the  hedt  losses  by 
reinforcement,  compensators  and  supports  in  kcal/m  h deg;  it 
is  accepted  according  to  Fable  9.10. 

Mean  temperature  pair  on  the  designed  section  is 

determined  from  the  foriula  > 

<cp-  (9.21  V 

where  t 1#  t2  - temperature  i»  pair  in  the  beginning  and 

at  the  end  of  the  calculated  section  in  deg. 

Calculated  hourly  consumption  pair  on  the  designed 
section  of  the  steam  line  of  the  saturated  steam  determine 

from  the  formula 

Gp  - G +0,1  G„  + I G„  ffa  (9  22> 
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where  G - calculated  consumption 
pair  on  the  section  of  steam  line  without  taking  into 
account  of  consumption  pair  for  the  compensation  of  the 

losses  in  t/h ; 

Gn-consumption  pair  for  the  compensation  of  the  losses 
on  the  designed  section  in  t/h; 

ZGn  - consumption  pair  for  the  compensation  of  losses 

of  heat  by  the  sections  of  steam  line,  arrange/located 
between  the  end  user  and  the  designed  section,  in  t/h. 
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Table 

9.8.  formula 

for 

determining  the 

suaier 

calcu  la  ted 

hourly 

consumption  s 

of 

network  water  by 

users 

for  hot 

supply 

o [’  in  kg/h 

for 

hydraulic  design 

of  t 

wo-f  unnelled 

water 

thernal  grid/networks. 

CD 
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CTMWX  ft  a K B IKkyuy 
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Key:  (1).  Systens.  (2).  During  the  setting  up  of  local 

storage  tanks  for  the  calculation  of  all  sections  of 
thernal  grid/networks.  (3).  In  the  absence  of  local  storage 
tanks.  (4).  for  cities  and  the  populated  places.  (5).  for 
industrial  enterprises.  (6).  for  the  calculation  of  Bain-line 
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and  distributive  thermal  gr id/networks.  (7).  for  tha 
calculation  of  branches  to  separate  buildings.  (8).  Closed. 
(9).  Opened.  (10).  delivery  pipe.  (11).  return  lina.  (12). 
from  the  appropriate  calculated  consumption  of  network  water 
in  delivery  pipe. 


FOOTNOTE  *.  For 
by  chain  wheel. 


industrial  enterprises  in  the  formula,  noted 
instead  of  coefficient  of  0.65  is  accepted 


the  coefficient 


egual  to  one 
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Table  9.9.  Formulas  for  determin 

ing  the 

winter 

and 

calculated  hourly  consumptions 

of 

net  work 

water 

by 

in  kg/h  for  hydraulic  design 

of 

separate 

t herma 

1 

grid/networks  for  hot  water  supply. 


sutler 
users  of 
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Notes 

: 1.  For  industrial 

enterprises  in 

the 

noted  by 

chain  wheel,  instead 

of  coefficient 

of 

accepted 

the  coefficient,  equal 

to  one. 

formula, 
0.  65  is 


2.  Additional  consumption  of  water  for  recirculation 
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delivery  pipe  is  not  considered. 

Key:  (1).  Pipelines.  (2).  During  the  settiny  up  of  local 

storaye  tanks  for  the  calculation  of  all  sections  of 
thermal  y rid/net works.  (3).  In  the  absence  of  local  storage 
tanks.  ('*)-  for  cities  and  the  populated  places.  ( S)  . for 
industrial  enterprises.  (6).  for  the  calculation  of  main-line 
and  distributive  thermal  yr  id/networ  ks'.  (7).  for  the 
calculation  of  branches  to  separate  buildings.  (8).  Feeding. 

19).  the  winter  calculated  consumption  of  network  water. 

(10) .  the  summer  calculated  consumption  of  network  water. 

(11) .  Circulation.  (12).  from  the  appropriate  calculated 
consumption  of  network  water  in  delivery  pipe. 


- 


' 


Table  9.10.  Specific  losses  of  heat  1 in  of  the 
( isolated/insulated  steam  line  taking  into  account  the 


additional  heat  losses  by  reinforcement,  supports  and 
compensators  /y*  in  kcal/rn  h deg  with  a difference  in  the 
temperatures  between  the  temperature  of  the  vapor  and  the 
environment  in  1 deg* 
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Motes:  1.  When  determining  the  specific  losses,  the 

ambient  temperature  is  accepted:  for  above-grade  packing  the 
average  annual  temperature  of  surrounding  air  *5°  C;  for 
packing  in  impassable  channels  the  average  annual  temperature 
of  soil  on  the  axis  of  the  laying  of  steam  line  +5°C; 
for  packing  in  passage  channels  the  temperature  of  air  in 
channel  ♦40°C. 


2.  Additional  heat  losses  by  reinforcement,  supports  and 
compensators  are  taken  into  account  by  coefficients:  for 
main-line  thermal  grid/netvorks,  laid  in  tunnels  and 
channels,  1,  15;  with  above-grade  packing  1.2;  for 

distributive  thermal  grid/netvor ks  and  branches  to  separate 
buildings,  laid  in  tunnels  and  channels,  1.25;  with 

above-grade  packing  1.3. 


Key: 

Above- 

(<*). 


(1).  Outside  diameter 
grade  packing.  (3). 
Packing  in  tunnels. 


of 

Packin 


tube  J)  in  mm. 
g in  impassable 
temperature  is 


pa 


(2)  . 

chan  nels. 
ir  in  deg. 


(5) 
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Fig.  9.6.  Nomogram  for  hydraulic  design  of  pipelines  with 
*,=o,.’)  mu  and  y = 958  k^/m3  with  coolant  flow  rate  from  0*  4 

to  300  m/h.  Heavy  line  designated  the  maximum  speed  V ~ 0T‘ 
m/s,  corresponding  to  the  boundary/interface  between  the 
transfer  and  quadratic  region. 

Key:  (1).  The  wall  thickness  of  tube  s in  mm.  (2). 

Specific  losses  of  pressure  on  friction  Ah  in  kgf/m2  m. 

(3).  Coolant  flow  rate  G in  t/h. 


Page  116. 

The  winter  calculated  hourly  consumptions  of  condensate 
for  hydraulic  design  of  condensate  pipings  determine 
according  to  a maximum  hour  quantity  of  the  condensate 
returned  by  users  or  by  the  separate  pumping  of  the  return 
of  condensate.  The  return  of  condensate  from  the  local 
heating  systems,  ventilation  and  hot  water  supply,  workers 
on  vapor,  for  the  calculation  of  condensate  pipings  is 
accepted  in  size/dimension  of  lOOo/o  of  consumption  pair. 

The  return  of  condensate  from  technological  processes  is 
accepted  according  to  the  project  of  the  local  system  of 
technological  steam  lines. 
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9-4.  Hydraulic  design  of  the  pipelines  of  water  theraal 
grid/networks. 


Hydraulic  design  of  the  pipelines  of  water  tharmal 
grid/networks  is  performed  on  the  noaograns  of  Fig.  9. 6 and 

9.7  or  of  Table  9.11. 

The  values  of  the  equivalent  lengths  of  local 

resistance  are  accepted  according  to  Table  9.12  and  9.13. 

During  the  compilation  of  tables  and  nomograms*  it  is 


accepted:  the 

temperature  of 

water 

t = 100«C, 

the  specific 

gravity/we ight 

of  water  y - 

958.4 

k ^/m3,  the 

equivalent 

roughness  of 

tubes  *,-o.s  mm 

and 

the  kinematic 

viscosity  of 

water  v-0  295- 

io-*  nVs- 

ranss 
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Fig.  9.7.  Nomogram  for  hydraulic  design  of  pipelinas  with 
•*,=0.3  ■■  and  y = 958  k<j/m3  with  coolant  flow  rate  from  300 
to  30^000  t/hs.  Example.  it  is  given  to  G = 1300  t/hs; 

h;  s = 9 mm.  We  find  in  point  2 v = 1.3  m/s,  and 
in  point  3 Ah  = 2.45  kgf/m2  a. 


Key:  (1).  The  wall  thickness  of  tube  s in  mm.  (2).  m/s. 
(3).  Specific  padres  of  pressure  on  friction  Ah  in  kgf/m* 

m.  (4).  Coolant  flow  rate  c'/U. 

A 


Pages  117-125. 


At  the  values  of  specific  gravity/weights,  equivalent 
roughnesses  and  tube  b0res,  which  differ  from  the  taken 
during  compilation  tables  and  nomograms,  value  Ah,  v and  '* 
obtained  the  tables  and  nomogram,  recount  by  the  following 
formulas: 

a)  at  the  values  of  specific  gravity/weights  y'  £ y: 

kgf/m*  ■ 

<••23) 


(9.34) 
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b)  at.  the  values  of  the  equivalent 
tentatively: 


roughnesses  *',+*, 


]/  tt  k9f/"*  ■;  <»,5) 


(9») 


Value  y/  _i  and  they  equate  i ^ 

are  determined  according  to  Table  9.  U.  ** 

For  a conversion  from  tables  and  the  noaograas, 
coaprised  at  the  values  of  equivalent  roughness,  *t-0.5  ... 


*h‘  — -i*  kgf/a*  a; 

'•  " 7 m 


(9.37, 

<92*, 


on 


Table  9.15; 


where  p i«  the  coefficient,  taken 


c)  at  the  values  of  tube  bores  o’.o 


r~&r 


kgf/a*  a ; 


(«.?•> 
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. V 


For  the  facilitation  of  calculations  Fig.  9.8  gives 
graph  for  determining  the  values  f— ] tc  degrees  of  5.25; 

l D.  J 

2 and  1.25. 

At  the  calculated  coolant  flow  rates,  coming  out  beyond 
the  limits  of  tabular  values,  it  is  possible  to  find 

values  Ah  and  v from  these  tables  for  the  conditional 
coolant  flow  rate,  increased  or  reduced  in  n once; 

if  conditional  load  it  is  increased  in  n once  against 
that  which  is  required,  then  the  corresponding  to  it 

tabular  values  v and  Ag  necessary  to  decrease:  the  rate  in 
n once,  and  frictional  resistance  in  nz  once. 


if  the  conditional  load  is  reduced  n times,  then  value 
v and  Ah  it  is  necessary  to  increase:  the  rate  in  n 
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once,  and  frictional  resistance  in  n*  once. 

Value  n is  most  simple  accepted  equal  to  10. 

For  the  intermediate  values  of  the  coolant  flow  rates 
of  the  value  of  velocities  and  specific  losses  of  pressure, 
they  determine  by  linear  interpolation. 
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Key:  (1)  in  mm;  (2)  in  t/h;  (3)  m/s;  (4)  kg/m  m 
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•J.M 

5.2 8 

.-l 

4 14 

I15**> 

25.5 

5.22 

25.2 

5.2 

24.9 

4.26 

14.8 

4.25 

14.7 

4.21 

IM 

2/»7 

5,77 

..  *4 

| M:  i 

Not*.  Heavy  line  designated  the  boundary /iatacf ace 

between  the  transfer  and  quadratic  region. 

Key:  (1)  in  mm;  (2)  in  t/h;  (3)  m/s;  (4)  kg/m2  m. 
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ContisMtion  Table  9.12. 
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I (to 

CmMX  COnpoTMtt.lCMHM,  3ckh^m 


.9kb4«  « ifirHuvr  s.mmia  mcctm-aa  c-  ;•  »r  w • m 


44."  4ft  1 4M 


Otb  -na  i Mipiojp  not  vr  ton  9»>* 

,u,  MCTUpcXiUoUMUi.  A -I  l) 


Otboau  KpyT»MSorHyruc.  /?-*■!. r.Z?  2D 


KoMneHCBTopu  n-oOpaittwe  co  cuap- 

HUVIH  TUlXUJOBMIJMH  urSO^aMH. 

/?- 1.5  D 


/>*» 

KoMneHCBTopu  ri-oftpasHtac  c kovt«*- 
usorNyTUUHornojaxM  /?=*!. 5;  & =2/2 


KoMnenoBT  >pu  n*<»6pa  mue  c rHytia- 

MM  MIAKMVlH  Olliul.lMH 

P~3  D 
R>4D 


K-iMHOHi  ar  f OlHO.tMH JOBUil: 
6 c 3 pyOaiUhx' 

pyftauikoA 


TpoANHK  now  paaae.iciiMM  no  run  a. 
rt^npoxoj* 

TBCTB.1CHMC 

If*5 

TooAmhk  mom  c.ihuiihh  noToKa: 
(jftfapoxox* 

\*  OTBCTB.ieMMe 


rieprxiau  CBjpuue  ii«.  MM  2883— 62* 

r«r o'* 
r.r^\ 


A 

7l 

A 


0.29 

0.3 

0.18 

0.43 

0.48 

0.48 

0.23 

0.24 

0.3 

0.34 

0.18 

0,39 

0.17 

0.18 

0.22 

0.26 

0.29 

0.2* 

3.1  3.1 


2.1 

1.7  I 1.8 


0,75  0.83  0.96 

1.13  1.29  1.44 


0.86  0.9  1.13  1.29  1.44 

1.14  1.2  1.5  1.72  1.92 


1.14  1.2  1.5  1,72  1.92 


*P 
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Key:  (1).  Designation  of  local  resistance.  (2). 

Draft/drawings.  (3).  Equivalent  lengths  of  local  rasistance 
(with  the  outsida  diaaeters  of  tubes  in  aa>  (4)  . Catch  *. 


POOTnoTe  ».  The  equivalent  length  of  catches  with 
constricted  passage  and  guide  tube  is  accepted  with 
coefficient  of  2.  EnDFootnote. 

(5).  Valve/gate.  (6).  with  vertical  shaft.  (7).  oblique. 

(8) .  Check  valve.  (8a).  rotary  ("flap").  (8b).  hoisting. 

(9) .  Gasket  compensator . (9a).  one-way.  (10).  bilataral. 

(11).  Sludge  pan  is  washing.  (12).  Branch/removals  welded 
single-seaa  with  angle  of  30®.  (13).  Branch/reaoval3  are 

welded  at  an  angle  of  90°.  (14).  two-seaa  R * 1 D.  (15) 

three-seam  R = 1.5  D.  (16).  Branch/reaovals  are  welded  at 

an  angle  of  90®.  (16a).  Four-seam,  R = 1 D.  (17). 
Branch/renovals  sharply  bent#  R = 1.  5 D 2D.  (13). 

Branch/reaovals  the  bent  smooth.  (19).  Conpensators  D-shaped 
with  weld«d  three-sea*  branch/reaovals,  R * 1.5  D.  (20). 

Compensators  D-shaped  with  the  sharply  bent  branch/r emovals 

* 1.5;  ft  * 2D.  (21).  Compensators  are  U-shaped  with  the 

beat  saooth  br»  nch/reao*als.  (22).  Ooapeaaator  is  aiagla-lans 
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(22a).  without  jacket  a. 


POOTNOTF  *.  The  equivalent  length-  of  two-  and  three-lens 
conpensators  without  jacket  are  accepted  respectively  in  two 
or  three  tines  nore.  ENDFOOTNOTE. 


(2  3)  . with  jacket.  (24).  Tee  with  the  nerging/coalescence  of 
flow.  (24a).  pass  3. 


FOOTNOTE  3 . Equivalent  length  is  considered  on  Section  with 
the  total  consumption  of  water.  ENDFOOTNOTE. 


(24b).  branch-  (26)-  -piece  with  the  nerging/coalescence  of 
flow.  (26a).  with  the  diverging  flow.  (27).  contrary-  (28). 
Transfer/transitions  welded  on  MN  2883-62  ♦. 

FOOTNOTE  *.  Equivalent  length  is  considered  on  section  with 
smaller  dianeter.  ENDFOOTNOTE. 
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pages  130  and  131. 


Tabl*  9.13.  Eqaivalent  lengths  of  local  resistance  eitk  *,  o. 
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Kote.  See  footnotes  to  7"able  9.12. 

Key:  (1).  Designation  of  local  resistance.  (2). 

Draft/drawings.  (3).  Equivalent  lengths  of  local  resistance 
<wi  t h the  outside  diameters  of  tube  in  mm.  (4).  Catch  *. 
(5).  Check  valve  rotary  ("flap").  (6).  Gasket  compensator* 

(7).  one-way.  (9).  bilateral-  (9).  Sludge  pan  is  washing. 
(10).  Branch/removals  welded  single-seam  with  angle.  (11). 
Branch/rem  ovals  welded  with  angle  of  90°.  (12).  two-seam,  R 

= 1 D.  (13).  three-seam,  R = 1 D»  (14).  three-seam,  R = 

1.5  D (15).  Branch/removals  sharply  bent,  R = 1 D;  R = 

1.5  D.  (16).  Compensators  are  (J-shaped  with  welded 
thtee-seam  branch/removals.  (17).  Compensators  U-shaped  with 
sharply  bent  branch/removals,  R * 1 D;  R = 1.5  D.  (18). 

Compensator  is  single-lens.  (18a).  without  jacket  2.  (18b). 

with  jacket.  (19).  -piece  during  the  separation  of  flow. 

(20).  pass  *,  (21).  branch.  (22).  -piece  with  the 

merging/coalescence  of  flow.  (23).  -pieces.  (24).  with  the 

diverging  flow.  (25).  with  counterflow.  (26). 
Transfer/transitions  welded  ♦ (according  to  UK  2883-62). 
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I able.  l^/A/es  J/^  ^ 


• MM 

0.05 

0.1 

0.2 

0.5 

0.8 

> 

0.0 6 

I 

1.19 

1.41 

1.78 

2 

2.11 

0.1 

0.841 

1 

1.19 

1.5 

1.79 

0.2 

0.707 

0.841 

1 

1.26 

0.5 

' . 5o2 

0.  A# 

0.705 

1 

1.13 

1.19 

0.8 

0.5 

O.*!  <> 

0.707 

0.S84 

1 

1 .06 

1 

0.473 

0.562 

0.064 

0.641 

0.946 

1 ! 

K*ys  (1).  in  ai. 


Page  132. 


During  hydraulic  designs  of 
Specific  losses  of  pressure  on 
be  accepted: 


water  thermal  gr id/networks 
friction  in  pipelinas  should 


for  the  sections  of  calculated  main  line  fro.  heat 
source  to  the  .ost  resowed  user  - to  8 kgf/m*  a; 

for  a branch  of  calculated  »ain  line  - on  the 
available  pressure  differential,  but  not  .ore  than  30  kgf/m* 
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Table  9.15.  Values  of  coefficient  fi  for 
specific  loss  of  pressure  on  friction  in 
quadratic  law  and  equivalent  lengths  of 
the  values  of  the  equivalent  roughness# 


the  conversion 
the  range  of 

local  resistance 

different  froa  *, 


of 

at 

-0.5 


sa. 


s O.S 

^ u 1 

• " 3 

— *«  o 

/a) 

S ■ MM 

(3) 

3H«9eHH*  K>i»<|)^NUNrNTa  3 npH  nasNsa^eNTiioA  uirpoiosarocTM  • mm 

D 

fl 

B 

0.7 

0.8 

n 

1.2 

1.1 

1.6 

1.8 

2 

2.2 

2.4 

1 

3 

. 

3.2 

34 

3.6 

3.8 

4 

32 

2.5  3. 

FIB 

■ 

0.92 

, 

1.07 

1,15 

1.2 

1.27 

1.33 

1.14 

1.55 

1.65 

1.75 

1.86 

1.95 

2.04 

2.14 

2.28 

2.32 

2.41 

i 5 

2.57 

2.68 

2.78 

3.6 

38 

2.5.  3. 

rwr. 

fQ 

0.92 

i 

1.07 

1 .14 

\.2 

1.26 

1.31 

1.42 

1 .72 

1.61 

1.71 

1.79 

1.88 

1.97 

2.05 

2.13 

2.21 

2.45 

2.53 

2 6 

4ft 

3.5 

3.5,  2.5. 

0.74 

0.84 

0.93 

i 

1.13 

1,19 

1.21 

1.30 

1.4 

1.49 

1.58 

1.67 

1.75 

1.82 

1,91 

'■» 

2.06 

2.14 

2.21 

2.28 

2.35 

2.43 

2.5 

57 

3.  3.5 

0.75 

0.H5 

0.93 

i 

l.o 6 

1 12 

1.18 

1.23 

1.28 

1.38 

1.47 

1.75 

1 .<3 

1.71 

1 78 

1 .85 

1 .92 

2 

2.06 

2.12 

2.19 

2.25 

2 '.15 

2.  *> 

76 

3.  3.5.  A 

0.75 

o *5 

0.93  1 

1 .06 

1.12 

1.1/ 

1 .22 

i 

1.35 

1 .43 

1.51 

1 ..> 

1 »5 

1 72 

1.79 

(."■ 

1.91 

l/'7 

2.03:2.0 9 

2.14 

2.2 

89 

3,5.  4 

0.77 

0.86 

0.93  l 

1 .14, 

1.11 

1.161  1.21 

1 .26 

l 34 

1 .42 

l .V* 

1.7 

1 <a 

1 69 

1 , 5 

l.-l 

1 .88 

1 .93 

1 .99 

2 . 1 *4 1 2 . 1 9 

2.14 

KM 

4,4  5 

0 77 

0,86 

.'•Ml  1 

I .00 

l.ll 

1.16 

i.j 

1.-5 

1 .33 

1 .4 

1.4’ 

1 . 54 

1 6 

l.M, 

1.72 

1 .77 

1 .8  - 

1 .'8 

1 ,9  * 

urn 

. ■'< 

2 i<8 

- it 

i:n 

4 4.5. 

D.78 

0 87 

O.'M 

i 

1 .06 

1.11 

1.15 

1.2 

1.21 

1 .32 

1.38 

1.46 

1 .51 

1.57 

1 *3 

1 *18 

1.  4 

1 . 8 

1 

1 .89 

i.  ■' 

1 .'8 

2.0-2 

2. "7 

159 

4.5.  5 

0.78 

0,87 

■ ,‘M 

i 

1 .05 

1.1 

1.15 

1.19 

1.23 

l .31 

1.37 

1 .44 

i.’> 

1.58 

1 61 

1 .06 

1.71 

i.-i, 

1.81 

1.85 

l.KH  " 

!/.K 

194 

5.  6 

0. 79 

0.87 

o.'M 

1.05 

i.i 

l.ll 

1.19 

1.23 

1.3 

1 .12 

1 . IK 

1 53 

1 .58 

1.63 

1 3*8 

1.3 

1.77 

1 .81 

l.-.ll.’l 

1 ,‘M 

1 

219 

6 7 

0 79 

O.H7 

o,91 

l.o5 

1.1 

1 .14 

1 .18 

1 . .2 

1.J4 

1 . *5 

1.11 

1.17 

1 52 

1 57 

1 62 

1 .67 

1.1 

1.76 

1 ■ 8* ' 

1.84  1.88 

1 9| 

1 

271 

7;  4 9 

n 80 

0.88 

O.'M 

i 

I.' 5 

1.1 

1.14 

1.18 

1.21 

1.28 

1 . 34 

1.4 

l . 15 

l 5 

1 55 

1.9 

1.64 

1 ,»j8 

1.72 

1 7*. 

1 .8 

1 87 

1 ‘*1 

325 

8.  •>,  10 

0 Ml 

0 -8 

0.94 

i 

1H*M 

■ Ej 

1.1  1 

1.17 

>. -I 

1.27 

1 .33 

1 . i9 

1.14 

Ml- 

1 53 

1 57 

1 .w 

1.06 

1.7 

1 . 7.1 

1.77 

1.8 

l.M 

1 87 

377 

'*-13 

0 HO 

O.KH 

O.'M 

K IQS 

i .»'* 

1.11 

1 .17 

1 .2 

1 .27 

1 .3.’ 

1.  3* 

1 . 13 

1 17 

i ’% 

I/.6 

l.o 

1 

1.71 

I. 

1 -1 

1 -5 

426 

0 88 

o 95 

1.05 

I.'- 

1.13 

1.17 

1 .26 

1.3 

1 .37 

1 .42 

I 46 

i/o 

1.55 

1.59 

1 .62 

1 3*i 

1 .t  o 1 .7  • 1.6 

1.79 

I.K.- 

478 

5—10 

0 89 

0.95 

1.05 

1.09 

1 .12 

I .16 

1.2 

1.25 

lPII 

1 .3*. 

i -1 

i 

1 M 

1.57 

1 ,»)| 

I'M 

1 . 8 

1.71 

1.71 

1 77 

1 H 

529 

6-10 

otI 

0.89 

0.95 

i 

1 .05 

1.09 

1.1- 

1 .16 

1.19 

1.25 

1.3 

1 6 

1.4 

1.19 

1 21 

1 .56  1 .6 

1 .63 

1 . ' 

1.7 

1.73 

1.76 

1 .79 

*10 

6-10 

0 1| 

0.89 

0.95  1 

I .01 

I. O'* 

1.12 

1 .1*. 

1.19 

1.25  1.3 

1 .35 

1 . 19 

I 13 

1 47 

I 51 

1.55 

(.-• 

i ■'•( 

1 .65 

l.  y 1.71 

i :i 

1 

730 

7—10 

o 82 

0.89 

0..* 

i 

l.'M 

1.'  - 

1. 12 

1 15 

1 . 18 

1.2-1 

I.."* 

1 ,M 

1 .34 

1 43 

1 46 

1.5 

1.54 

1 ..-,7 

1 

1 • 1 

1 .♦*- 

1 3-9 

■ -j 

i -r. 

no 

7—10 

0.82 

D.89 

o.95 

1.04 

l 

i fj 

1.15 

1.18 

1.24 

t.."‘ 

1 .33 

1.  IK 

1.42 

1,45 

1 49 

1 .52 

1.56 

1 .59 

1 .62 

I.'ul.'i. 

1 7 

1 7 1 

yjo 

7— II 

0.82 

0.89 

0,96 

i 

BEE 

l.ll 

1.15 

1.18 

1.23 

1.23 

1 .33 

1.37 

Ml 

1.46 

1 .48 

1.51 

(.-• 

l . *8 

l .61 

( .<.111  .!>, 

l 

171 

1QJ0 

8-12 

0.82 

0 .‘96 

o.96 

i 

1.04 

1.6* 

l.ll 

1.15 

1.17 

1.23 

1 .28 

1 .32 

,, 

1.4 

1.44 

1.47 

1.51 

i.m 

1.57 

1 .6 

1 .u.'jl.uo 

1.67 

Key:  (1).  Outside  dianeter  of  tube  D in  on.  (2).  in  an. 

M 

(3).  Values  of  the  coefficient  0 with  equivalent  roughness 

aa. 
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t.bl.  ».«.  skeet/takL/liat  of  tk.  calculated  conaa.ptlon 
water  by  users  for  hydraulic  design  of  sain-line  and 
distributive  thersal  gri d/net *or ks. 


O) 

H 

In  n 


H) 


<*%) 

n.-rpeflHre.ib 


< 


Ml 

M2 


Tn 

l np.-Mfipo 

H - 


fjpacMetmail  pack'  1 ao.u  • m H I 

7>yr^|) 
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X/.I  "■  IfNI 
UM»  Gb 


BPHTH.l  H ■ 
lipM 


fJUJUIUTMC 


HKp(.paM«»H  I 


62 

97.5|  — 

65 


M 


V.~ 

"Vo 


2.5 

5 


Z* 


a. u 
= * O 


40 

20 

20 


M r o 1 


224.5 


7.5 


80 


320 


«•»!  Cl-  »0  U OB  ge„eral  pUo  (j) 

Oser.  («).  Calculated  conee.ptlon  of  aater  in  a/h.  (5).  tor 
heating  Cr0.  f„c  ,e„til,tion  Sa  vitk.  ,7,.  t,  hot  uater 

sappl,  G?,  (8).  ,„(»!  g.  t„GUstrU1  enterprise.  (10,. 

City  block.  (11).  Altogether. 
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Pig*  9.8.  Graph  for  dataraining  the  valuas 

ftr*  ftr  ftr 


Page  133. 

If  with  the  taken  specific  losses  of  pressure  on 
friction  surplus  pressure  differential  on  subaains  will 


not 


■ j 

< 


( 
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be  completely  used,  the  remaining  jump/drop  is  utilized  on 
the  input/introductions  to  users  into  elevators  or  is 
throttled  with  washers. 

For  hydraulic  calculation  of  the  pipelines  of  water 
thermal  lines  there  are  compiled  sheet/table/list  of  the 
calculated  consumption  of  water  by  users  (Table  9.16),  in 
which  are  brought  the  calculated  consumption  of  water  by 
each  user  separately  for  heating,  Ventilation,  hot  water 
supply  and  total  consumption,  and  design  diagram  Fig.  9.9. 

If  the  calculated  consumption  of  water  for  hot  water 
supply  by  users  (see  Section  9-2)  for  the  calculation  of 
main-line,  distribution  networks  and  for  the  calculation  of 
branches  they  dstermine  from  equal  formulas,  then  they 
compose  two  sheet/table/lists:  one  for  the  calculation  of 
main-line  and  distribution  networks,  another  - for  the 
calculation  of  branches  to  separate  buildings. 

First  of  all  is  designed  basic  calculated  main  line 
from  the  source  of  heat  to  the  most  removed  user. 

Designed  it  should  be  in  form,  given  in  Table  9.17, 

oft  tka  individual  auctions  of  pipaliBa. 
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w 

An  example  of  calculation 

for 

the 

circuit. 

given  to 

Pig. 

9.9,  is  given  in  Table 

9.  17. 

The 

sheet/table/list  of 

the 

calculated  consumption  of 

water 

is 

given  in 

Table  9.16, 

9.  5. 

Hydraulic  design  of  steam 

1 i n es . 

Hydraulic  design  of  steaa  lines  perforas  talcing  into 
account  state  change  pair  because  of  a drop  in  the 
pressure  during  its  motion  along  pipeline  and  a taaperature 
drop  because  of  the  heat  losses  in  the  environment. 

State  pair  is  accepted  for  each  calculated  section  at 
average/aean  specific  gra vity/weight  and  mean  temperature  on 
this  section. 

) With  a sufficient  degree  of  accuracy  average  specific 

gravity/*e  ight  the  pair  on  section  is  determined  from  the 
formula 

Yep  “ kg/**.  (9  0) 

i 


r 
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where  Vh  and  y»—  specific  gravity/weights  pair  in  the 
beginning  and  and  of  the  calculated  section  in  k^/m3. 


A tenperature  drop  of  the  superheated  steal  oa  the 
section  of  steal  line  because  of  heat  losses  in  the 
environment  is  determined  from  the  fornula 


Q 10“ 
Cc 


(9.3.5) 


where  Q is  the  heat  loss  into  the  environnent  by  the 
section  of  steam  line  in  keal/h; 


G - calculated  consumption  is  pair  on  section  in  t/h ; 

*»—  the  true  heat  capacity  of  the  superheated  steaa  at 
a constant  pressure  in  the  average  parameters  pair  on 
section  in  keal/kg  deg. 
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Table  9.17.  For*  of  table  and  an  e*aaple  of  hydraulic 
design  of  vatar  tharaal  grid/n at works. 
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Key:  (1).  No  sections.  (2).  Consumption  of  water  3 in/fliMs. 

(3).  Characteristic  of  tube.  (4).  Length  of  the  section  of 
pipeline  in  a.  (5).  Speed  of  water  on  section  v in  a/s. 
(6).  Loss  of  pressure.  (2).  Total  loss  of  pressure  froa 
heat  and  power  plant  (or  boiler)  A h-/o~^  in  a water  column. 

(8).  the  internal  diaaeter  in  a.  (9).  the  outside 

diameter  x wall  thickness  in  aa  s • (10).  according  to 


the 

plan 

/.  (11) 

. equivalent  to  local  resistance  (12) 

given  / / 

(13) 

. specific  for  friction 

Ah  in 

kgf/a*  a. 

(14). 

on 

section 

in  kgf/B*.  (15). 

Basic 

calculated 

aain 

line 

. (16). 

Branches  froa  calculated 

aain 

line 

(distribution  networks). 
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^9»  9.9.  The  design  diagraa  of  sain-line  and  distributive 
water  theraal  grid/networks.  In  the  diagraa  are  given:  the 
consuaption  of  heat  carrier  G in  t/h,  length  of  calculated 
section  t in  a and  the  internal  diaaeter  of  pipeline  0y 

in  ia. 


Key:  (1).  City  block.  (2) « Industrial  enterprise. 


Page  134. 


The  heat  loss  into  the  environnent  is  deteraiaed  from 


the  formula 


Q ” Vyatfcp  —Iq)  I kcal/h. 


where  i—  the  length  of  calculated  section  in  a; 


i 
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•tv*-  the  specific  heat  loss  by  the  isolated/insu  lated 
stead  line  taking  into  account  the  heat  losses  by 
reinforcement,  compensators  and  supports  in  kcal/i  l»  deg 

(see  Table  9.  10)  . 

Specific  loss  of  pressure  on  friction  in  steam  lines 

is  determined  according  to  the  available  pressure  j 

\ 

differential,  but  at  speed  pair,  not  more  given  in  Table 

9.18.  On  branches  to  separate  users,  is  allov/assua  ed  to 

increase  speed  the  pair  in  Comparison  with  the  values, 
indicated  in  Table  9-18,  but  it  is  not  more  than  1.3 
times. 

The  available  specific  loss  of  pressure  on  friction  is 
determined  from  the  formula  1 

t 

kg/m*  m,  (?.35) 

* ftp 

where  i, p—  the  reduced  lemgth  of  pipelin*  in  a; 

nf—  the  available  loss  of  pressure  on  friction  and 

local  resistance  in  kgf/a2. 


. - 


sw-v 
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The  available  loss  of  pressure  on  friction  and  local 
resistance  is  deterained  froa  the  foraula 

hv  -=  {Pt  — Pt)  lo4  kg/a*  a,  (9.  6) 

where  P4  and  P*  - assigned/prescribed  initial  and  stagnation 
pressure  is  pair  in  kg/ca*. 


Hydraul ic 

design  of 

st«?aa  lines 

can 

be  performed  on 

/able  9.19  and 

noao  grass 

Fig.  9.10 

and 

Fig.  9.n.  The 

Values  of  the 

equivalent 

lengths  of 

local  resistance  are 

given  in  Table 

s 9. 20  and 

9. .21. 

During  the 

coapilation  of  tables 

and 

to  noaograas  it 

is  accepted:  teaperature 

pair  t = 300°C, 

pressure  pair  P 

13  kg/ca2,  specific  gravity/weight  pair  y 

* 1 kS/a 3 

(conditionally)  , 

equivalent 

roughness 

*,-0.2 

aa  and  dynanic 

viscosity  * 

2. 05. 10-* 

kgf  s/a2. 

At  the  values  of  equivalent  roughnesses  and  tube  bores, 
which  differ  froa  the  taken  during  coapilation  tables  and 
noaograas,  values  v and  obtained  froa  tables  or 
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nomograms,  they  recount  by  formulas  (9.25),  (9.26), 

(9. 29)  - (9.  31) . Real  specific  losses  of  pressure  on  friction 
and  speeds  pair  r»  with  calculated  average/nean  specific 
gravity/weight  pair  Yep,  not  equal  to  unity*  are  determined 
from  the  formulas: 


4 h (0 

= KlCjM 1 M \ 

(9-7) 

Yep 

v ( i) 

— MiCL'K. 

(9.J8 

Yep 

Key: 


(1).  kgf/n*  m.  (2).  m/s. 


Table  9.18.  Recommended  maximum  speeds  pair  in  steam  lines 
in  n/s. 


^yejotMMi  npoxoji  rpyft  P 
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m mm 
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nmA  nap 

00  Ho  ton  mm 

80 

38 

(6)  Bhuh  WO  . 

■0 

m 

toy: 

(1).  The 

Internal 

diaaeter 

of  tabes 

•Dy  in 

an. 

(2) 

The 

eeperheated 

steaa. 

(3).  The 

satarnted 

steaa. 

(*>. 

To 

200 

(5) . 

Above  200 

an. 
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with  *,-o,2  ■■  and  t * 1 kG/a*  with  consumption  pair  froa 

0.01  to  8 t/hs.  Bold  line  designates  the  maximum  speed  wn|l  — . sie - 3 

■/s,  which  corresponds  to  the  boundary/interface  between  the 

transfer  and  quadratic  range. 


Key:  (1).  The  wall  thickness  of  tab*  S in  s.  (2|  . a/s. 
(3).  Specific  losses  of  pressure  to  friction  Ah  in  kg/a* 
a.  (8).  Consaaptioa  is  pair  <•  in  t/h. 


nnr  = 78002607  PAGE  8 
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I !)t Jfiuiu*a  t ****** 

fifi/t*  5 i .. 


' « 

I t 10  I) 

Fig.  9.11.  loaograa  for  hydraulic  daaiga  of  staaa  linos 
with  *.-o,2  am  and  j * 1 kG/aI * 3  with  consumption  pair  from 

8 to  900  G t/h. 
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Example.  It  is  given  to  G = 40  t/h  ; mm;  s 

9 P - 8 kg/cm*;  t * 250<>C;  kg/a*.  ||»  find 

point  2 v = no  m/s,  and  in  point  3 Ah  = 29.3  kgf/m* 

«.  U«  dataraine  actual  values  »*  _ kgf/a*  .• 

1 i - 3 36  7 ' • 


*®T:  (1).  The  vail  thickness  of  tube  S in  mm.  (2).  m/s. 
(1).  Specific  losses  of  pressure  on  friction  Ah  in  kgf/a* 

a.  <*).  Ccn  sumption  / s p a.  i r C>  : n *// 1 . 


in 
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note 

designated 

quadratic 

Key:  (1). 

kgf/na  », 


PAGE 


to  table  9.19  and  9.24.  Greasy/fatty  of  lines 
the  boundary/interface  between  the  transfir  and 
range. 

in  an.  (2).  in  t/h.  (3).  in  u/s.  (4).  in 
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Continuation  Table  9.20. 


HaMMrM<-naMMe  UfCTHUl 
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Note.  see  footnotes  to  Table  9.12. 

Key:  (1).  Designation  of  local  resistance.  (2). 

Dr^aft/dr  aw  ings.  (3).  Equivalent  lengths  of  local  resistance 
the  outside  diameters  of  tubes  in  mm.  (4).  Catch  >. 
(4a).  Valve/gate.  (5).  with  vertical  shaft.  (6).  with 

oblique.  (7).  Check  valve.  (3)-  rotary  ("flap")  . (9).  lift. 

(10).  Gasket  compensator.  (11).  one-way.  (12).  bilateral. 

(13).  Sludge  pan  is  washing.  (14).  Branch/r  emovals  welded 
single-seam  with  angle.  (15)-  Branch/removals  are  welded  at 
an  angle  of  90°.  (16).  two-sea«,  R = 1 D.  (17). 

three-seam,  R = 1*5  D.  (18).  Four-seam,  R = 1 D.  (19). 
Branch/removals  sharply  bent,  R = 1.5  D-2  D.  (20). 

Branch/removals  the  bent  smooth.  (21)  w Compensators  U-shaped 
with  welded  three-sea®  btanch/r emovals , R = 1.5  D.  (22). 

Compensators  are  U-shaped  with  sharply  bent  branch/removals. 

(2  3).  Compensators  are  U-shaped  with  the  bent  smooth 
branch/removals.  (24).  Compensator  is  single-lens.  (25). 
without  jacket*.  (26).  with  jacket.  (27).  -piece  during  thf 

separation  of  flow.  (28).  pass  3.  (29).  branch.  (30). 

-piece  with  the  raerging/coalescence  of  flow.  (31).  -pieces. 

(32).  with  the  diverging  flow.  (33).  contrary.  (34/. 
Transfer/transitions  welded  (on  NN  2883-62)  ♦. 
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Pages  148  and  149. 

Table  9.21.  Equivalent  lengths 
aa  for  tubes  D.-450  1200  ats. 
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Continuation  7 able  9.21. 
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Note.  see  footnotes  to  Table  9.12. 

Key:  (1).  Designation  of  local  resistance.  (2). 

Dj'af  t/draw  ings.  (3).  Equivalent  lengths  of  local  resistance 

the  outside  diameters  of  tubes  in  rani.  (4).  Catch  >. 
(5).  Check  valve  rotary  ("flap1').  (6).  Gasket  compensator. 

(7).  one-way.  (8).  bilateral.  (9).  Sludge  pan  is  washing. 
(10).  Branch/remo vals  welded  single-seam  with  angle.  (11). 
Branch/removals  are  welded  with  angle  of  90°.  (12). 

two-seam,  R * 1 D.  (13).  three-seam.  (14).  Pour-seam,  P = 

1 D.  (15).  Branch/removals  sharply  bent.  (16). 

Compensators  are  U-shaped  with  welded  three-seam 
branch/removals.  (1?).  Compensators  U-shaped  with  sharply  beift" 


branch/removals  . 

(18)  . 

Compensator  is  single-lens. 

(19)  . 

without  jacket  *. 

(20). 

with 

jacket.  (21).  -piece 

during 

the  separation  of 

flow. 

(22). 

pass  3.  (23).  branch 

• (24). 

-piece  with  the  merging/coalescence  of  flow.  (25).  -pieces. 
(26).  with  the  diverging  flow.  (27).  with  counterflow.  (28). 
Transfer/transitions  welded  (HE  2883-62):  ♦. 
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Values  Yep  are  determined  from  formula  (9.32). 

Vith  the  assigned/ proscribed  specific  loss  of  pressure 
os  friction  aa*  or  speed  pair  for  the  use  of  nomograms 

or  the  tables  of  their  value  they  are  recounted  by  the 
formulas: 


\h  — Yep  kgf/e*  n; 


(<>  .,<>) 


0 = "a  Yep  S/S. 


(9  10 1 


Por  hydraulic  design  of  stean  lines,  they  compose  the 
design  diagram  of  steam  line  (see  Pig.  9.12). 


Calculated  section  is  considered  the  section  between  two 
nearest  branches.  During  calculation  of  steam  lines  a large 

quantity  of  branches  the  length  of  calculated  section 

accepts  agual  from  300  to  500  m.  Hith  large  superheating 
pair  the  length  of  calculated  section  can  be  incraased  to 
1000  a. 

Pirst  of  all  is  performed  the  calculation  of  the  basic 

calculated  main  line  for  which  the  value  of  the  available 

specific  loss  of  pressure  on  friction  aai\  determined  by 
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formula  (9.35),  has  small  value,  and  then  are  designed 
fcranches- 

Steam  lines  are  designed  by  trial-and-error  method. 

They  are  preliminarily  assigned  by  mean  temperature  and 
average  specific  gravity/weight  pair  on  section,  and  for  the 
selected  diameter  of  pipeline  are  determined  the  final 
parameters  pair.  If  in  this  case  average  specific 
gr aVity/*e ight  pair  and  mean  temperature  on  section  differ 
from  the  taken  preliminarily,  latter  one  should  refine  and 

repeat  calculation  and  refinement  until  the  taken  parameters 
coincide  with  calculated-  In  these  parameters  are  determined 
the  losses  of  pressure  and  temperature  pair  on  section. 

Hydraulic  design  of  steam  lines  performs  according  to 
the  forms,  which  reflect  the  specific  character  of  the 

calculation  of  the  pipelines  of  the  saturated  steam  (rable 
9„  22)  and  of  the  superheated  steam  (/"able  9.23). 

An  example  of  hydraulic  design  of  the  steae  line  of 
the  superheated  steam  for  circuit  Fig.  9.12  is  given  in 

fabla  9.2  3. 
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9.6.  Hydraulic  design  of  condensate  pipings. 


Hydraulic  design  of  forcing  condensate  pipings  can  he 
performed  on  Table  9.2**  and  nomograms  Pigs.  9.13  and  9.14. 

During  the  compilation  of  tables  and  nomograms  for 
forcing  condensate  pipings,  are  accepted:  the  temperature  of 
condensate  t = 100<>c,  the  specific  gra  vit  y/weight  if 

condensate  y = 958.4  k $/•»,  equivalent  roughness  *,=  i mm 

and  kinematic  viscosity  v in-*  m2/s.  At  the  vaLues  of 
equivalent  roughnesses  and  tube  bores,  which  differ  from  the 
taken  during  compilation  tables  and  nomograms,  values  Ah,  v 
and  /*  obtained  from  tables  or  nomograms,  they  recount  by 
formulas  (9.23) - (9. 26) , (9. 2?) - (9- 31) . 

During  hydraulic  designs  of  forcing  condensate  pipings, 
specific  losses  of  pressure  on  friction  are  accepted  to  10 
kgf/m*  m. 

Hydraulic  calculation  of  forcing  condensate  pipings  are 

performed  of  analogous  with  hydraulic  design  water  thermal 
grid/networks . 


'V  - — 
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Hydraulic  design  of  composite  condensate 


pipings  is 

performed  on 

Table 

9.  24 

or  on 

nomograxs  Pigs. 

9.  13  and  9. 

14. 

in  this 

case 

the 

obt  ained 

values  of  loss 

of  pressure 

on 

friction 

and 

speeds 

are  multiplied  by 

coefficient 

kqf/U*  ■:  (9.4.1) 

°CH  — v<f  ■ / S , (9  44) 

where  * is  a coefficient  of  an  increase  in  the  Loss  of 
pressure  on  friction  and  the  speeds  in  condensate  piping 
during  the  transportation  of  steam-water  mixture; 

Ah  - specific  loss  of  pressure  on  friction  ii  kgf/n* 
a*  determined  by  tables  or  nomograms  for  the  calculation  otf 
condensate  pipings  with  7 = 958.4  k^/m*; 

v - the  speed  in  m/s,  determined  by  tables  jr 
nomograms  for  the  calculation  of  condensate  pipings  with  7 
» 958.4  k<j/m*. 
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Table  9.22.  Pore  of  table  for  hydraulic  design  of  the 


pipelines  of  the  saturated  steaa. 


Key:  [Key  reads  left  to  right].  (1).  Characteristic  of 

tube.  (2).  Length  of  the  section  of  pipeline  in  a.  (3). 
Beginning  of  section.  (3a).  Withy=/  kg/n*.  (3b).  End  of 
the  section.  (4).  No  sections.  (5).  Consumption  is  pair  G 

in  t/h.  (6).  the  internal  diaaeter  J>  ia  an.  (7).  outside 

J 


) 


I 
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dia  me^er 

in  mm  x 

the 

wall 

t h ickness 

of 

tube  £> y x 

s in 

mm.  (8) . 

according 

to 

the 

plan  l. 

(9)  . 

equivalent 

to  local 

resistance 

l3.  (10). 

given  i 

op'  (11)* 

p res  sure  PH  in 

kg/cm*. 

(12).  specific  gravity/weight  YH  in  kg/m*.  (13).  speed  v in 


a/s.  (14).  specific  loss  of  pressure  on  friction  Ah  in 


kgf/m*  m. 

(15).  Predicted 

average  specific 

gravity/weight  Y 

in  kg/m3. 

(16).  the  speed 

”a  - “ in  m/s. 

>cp 

(17)  . loss 

of 

pressure. 

( 18) . pressure 

in  kg/a3.  (19) 

. specific 

gravity/wa ight  Y^  in  kg/m3. 

(20)  . Average 

specific 

gravity/weight  is  pair  Y& 

in  kcj/m3.  (21 ) . 

Total  loss 

of 

pressure 

from  heat  and  power  plant  «-c»«  io-« 

in  kg/ca*. 

(22) 

specific 

~ in  kgf/m* 

'rp 

m.  (23).  on  section  'nP 

in 
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Table  9.2  3.  Fora  of  table  and  an  exaaple  of  hydraulic 


design  of  the  pipelines  of  the  superheated  steaa. 


Xufifla rrpnc th*m  tpy«Hi  HArnna  ynktiHM  rpy/>.i»p.>»«,ja  a m | ^-j)  Hjimo  ywraa 
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ipoxi  Ur  iiishj  no  «;ai*y  M,,,,MU,4  | wan  /'M  T^>4  nrc  7j( 


a CTCMKH 


h s*r  r C4r  " la  «*c  *' 
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167  81.1 
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T V p IJ 
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it  iA‘ 
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U 4 put) 
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y.ce  it.  mm  A 

MCC  tk 
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20 

21 

J2  | 
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37 
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17.7 

3330H 

1 2?'*) 

1.14 

1 .00 

3 ft 
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15.2 

y.7 

9,o7 

8.4 

29.1 

11.1 

12000 

1 

.03 

183 

.« 

8.47 

T3U 

//  r-i//x 
x in'-1 

it  < ca* 


Key:  [Key  reads  fron  left  to  right],  (1).  Charact » rist ic  of 
tube.  (2).  Length  of  the  section  of  pipeline  in  n.  (3). 

Beginning  of  section  (3a).  With  Y = ] kg/m3.  (3b).  Heat  loss. 
(3c)  . End  of  the  section.  (3d).  Total  loss  of  pressure 

fcoa  heat  and  power  plant  «- **h*  ,n~*  la  kg/ca*.  (d)  . No 


* m. 

. «. " _ . t . 
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sections.  (5).  consumption  j.s  pair  G in  t/h.  ( ^ ) - 

conditional  passage  in  mm.  (7)  . outside  diameter  in  mm 

x the  wall  thickness  of  tube  in  mm-Px.r-  (8).  according  to 

the  plan  t . (9).  equivalent  to  local  resistance  ^3'  ( 1 °)  • 

presented  / ♦ (11).  pressure  in  kg/cm2.  (12).  the 

temperature  -fr  ^ in  deg.  (13).  specific  gr avity/weight  YH  in 

kg/m3.  (19).  speed  v in  m/s.  (15).  specific  loss  of 
pressure  on  friction  Ah  in  kgf/ram  m.  (16).  Predicted 

average  specific  gr  avity/weight  ~^cp  (17).  the  speeJ 

«*--*in  m/s.  (18).  loss  of  pressure-  (19).  specific  9^^  1° 

kcal/m  h deg.  (20).  total  0 in  kcal/h.  (21).  Temperature 

drop  At  in  deg.  (22)  . pressure  P K in  kg/cm2.  (23)  . the 

temperature  t ^ in  deg.  (24).  specific  gravity/weight  YK  in 

kg/a3.  (25).  Average  specific  gr av ity /weig ht  Y^p  in  kg/m3. 

(26).  specific  4*4  - -J-  in  kgf/n2  n.  (27).  on  section  *««4*a* <np 
in  kgf/m2.  (28).  Basic  calculated  main  line.  (29).  Branch. 


rjo  \l"JM 

JU  % M 

t-n 

%nt 

p^r]  .u/cr‘(D  C-:o 

1-600  T 

4-TtJ 
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Pig.  9.12. 

The  design 

consum  pt  ion 

is 

pair  in 

sect  ion  i n 
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nf-  the 

ft) 

8 PftucjtuP 


d iagra  m 
t/h; 

internal 


i 


of  steam  lines.  G 
- the  length  of  calc 
diameter  of  pipeline 


ulated 
in  mm. 


Key'.  0).  ky'ctn1. 
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Fig-  9.13.  lfoaogran  for  hydraulic  design  of  pipelines  with 


958  kG/m3  with  coolant  flow  rate  from 


0.015  to  10  t/hs.  Bold  line  designates  the  maximum  speed 

*n„ 

/\  m/s,  which  corresponds  to  the  boundary /inter f ace  between 


*•7:  (1).  The  wall  thickness  of  tube  s in  as.  (2).  a/s. 

(3).  Specific  losses  of  pressure  but  friction  Ah  in  kgf/a* 
s.  (»).  Coolest  flow  rate  G in  t/h. 


" 

T 

: 

- 

• 

DOC  « 78009409 


PAGE 


EXanple.  It  is  given  to  G = 170  t/hs;  d.-mj  s 

Be  find  in  point  2 v = 0.66  m/s  and  in  point  3 

1-82  kgf/a*  i. 

Key:  (1).  The  wall  thickness  of  tube  S in  ma.  (2) 

(3).  Specific  losses  of  pressure  on  friction  Ah  in 
■*  (**)•  Coolant  flow  rate  is  G in  t/h. 


* 8 an 

Ah  = 

. m/s. 
kgf/m* 
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Continuation  1 able  9.24. 
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Key:  (1).  in  an.  (2).  G in  t/h.  (3).  in  m/s.  (4).  in 

lcgf/m*  h. 

Page  160. 

The  coefficient  of  an  increase  in  the  loss  of  pressure 

on  friction  and  speeds  is  determined  froe  the  formula 

958.4 

. p«> 

where  958.4  is  the  specific  gravity/weight  of  the  condensate 
by  which  are  comprised  the  tables  and  nomograas  for  the 

calculation  of  forcing  condensate  pipings  in  kG/m3; 

Yc«  — the  specific  gravity/weight  of  stean-vater  mixture  ill 

kG/e*. 


Value  * can  be  deternined  according  to  Table  9.25. 


The  specific  gravity/weight  of  steam-water 
without  talcing  into  account  of  span  vapor  is 
from  the  formula 


mixta  re 
deter  mined 


Ye* 


V'  V* 

*(\'  — y')  + y 


k3*M, 


<9  46) 
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where  y*  is  the  specific  gravity/weight  of  condensate  at 
pressure  p2  in  kg/m3; 

7"  " the  specific  gravity/weight  of  the  saturated  steam 
at  pressure  pg  in  kg/ni*; 

x - a quantity  is  the  pair  of  the  secondary 
effervescence,  which  is  obtained  with  the  effervescence  of 
condensate  as  a result  of  a pressure  drop  from  to  P2, 

in  kg/kg; 

Pj  - the  pressure  before  the  drainage  controller  in 
kg/cm2,  taken  on  pressure  pair  in  the  local  systen  of  use»* 
or  on  pressure  in  steam  line; 

Pz  - pressure  at  the  end  of  the  calculated  section  of 
the  pipeline  of  steam-water  mixture  (in  the  expansion  tank, 
receiver  tank  of  condensate,  at  the  branch  point  of 
pipelines)  in  kg/cm2;  with  the  free  drain  of  condensate 
pressure  P2  takes  as  equal  atmospheric. 

1 quantity  the  pair  of  secondary  effervescence  is 
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determined  from  the  formula 

l\-i'~ 

kg/kg ; p »7) 

values  x determine  according  to  table  9-26; 

i*  t,  - the  enthalpy  of  condensate  respectively  at 

pressures  P,  and  P2  (enthalpy  of  water  on  the  line  of 
saturation)  in  kcal/kg; 

r2  - heat  of  vaporization  at  pressure  P2  in  kcal/kg. 

Values  ycm  are  determined  from  T able  9. 27- 


If  we  conditionally  accept  specific  loss  of  pressure  on 
friction  in  forcing  condensate  piping  and  in  the  condensate 
piping,  *hich  transports  steam-water  mixture#  identical,  the 
diameter  of  the  latter  it  is  possible  to  determine  by  the 
formula 


*■»/ 


# 

*Vcii  * D*  1/  MM, 

V Veil 

(9.48) 

where  d.  — 

the 

bore 

of  condensate  piping 

into 

mm. 

let er mined 

by  tables 

and 

nomograms  for  hydraulic  design 

of 

forcing 

condensate 

pipings 

with  y ■ 958.4  ko/a* 

and 

k 

* 1 SB. 

— — -n 
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Specific  losses  of  pressure  on  friction  during  hydraulic 
design  of  coaposite  condensate  pipings  are  deterainad 
according  to  tha  available  pressure  differential,  determined 
according  to  formula  (9. 35)  , but  at  the  speed  of 
steam-water  mixture  not  more  given  in  table  9.18  for  the 
saturated  steaa.  The  available  loss  of  pressure  on  friction 
and  local  resistance  is  determined  from  the  foraula 

K -**-0.1  (*'r— <)]  10*  kgf /■*,  9 ‘9 

where  P*,  - pressure  after  steam  trap  in  kg/cm*  ir» 

determined  by  the  value  of  pressure  before  steaa  trap  and 

the  loss  of  pressure  in  vessel  itself,  depending  on  the 

construction  of  vessel; 

h\,  fc"—  the  geodetic  marks  of  end  and  beginning  of  the 
designed  section  of  pipeline  in  m. 

Pressure  after  steam  trap  is  determined  froi  the 

formula 


P‘,  =a(P,-i)  + i kg/cm*. 


(9.50) 
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where  a is  the  coefficient,  which  considers  loss  of 
pressure  in  steaa  trap;  it  is  possible  to  accept  depending 
on  pressure  tentatively  a = 0.5-0. 7. 

Por  hydraulic  design  of  composite  condensate  pipings, 
they  compose  design  diagran  (see  Fig.  9.15). 


First 

of  all  is 

performed 

the 

calculation  of  the  basic 

calculated 

main  line 

for  which 

by 

formula  (9.35)  is 

obtained 

the  smallest 

available 

loss 

of  pressure  on 

friction;  branches  from  basic  main  line  are  designed  for 
their  available  specific  losses  of  pressure  on  friction* 
determined  on  the  difference  of  pressures  in  the  units  of 
branches  and  in  users. 

Hydraulic  design  of  composite  condensate  pipings  is 

p«rforaed  in  fora,  given  in  Table  9.28. 
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^9*  9. 15»  The  design  diagra*  of  composite 
pipings.  G - the  consumption  of  condensate 
length-  of  calculated  section  in  m ; oy-  the 
of  pipeline  in  mm;  1 - steam  trap;  2 — 

- condensate  tank. 


condensate 
in  t/h ; i - the 
internal  diametef* 
heat  exchanger;  3 
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9.7.  Graphs  of  pressures. 


The  graphs  of  pressures  develop/process  for  water 
thermal  grid/networks  in  state  of  rest  of  heat  carrier 
(hydrostatic  conditions/mode)  and  during  the  steady  motion  oi 
heat  carrier  (hydrodynamic  conditions/mode) . 


Graphs  de vel op/process  for  a basic  calculated  main  line 


and 

characteristic 

branches. 

but 

with 

several  main  lines 

one 

heat  source 

for  each 

of 

the 

main  lines#  combining 

them  on  one  drawing. 


The  scale  of  the  graph  of  pressures 


the  airfoil/profile 

of 

the  earth/ground 

on 

constructed 

the  graphs. 

accept,  as 

a 

rule 

1:  10000  to 

1;  20000, 

vertical  - 1: 

1000 

to 

Mm*  scale 

on  the 

airfoil/profile 

of 

the 

and  the  scale  of 
which  ire 
, horizontal 
1:2000.  On  this 

earth/groand,  they 


MR* 
sM - 
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show  the  height/altitude  of  the  characteristic  buildings, 
connected  up  thernal  grid/networks. 

conditionally  it  is  assuned  that  the  Bark  of  the  pipe 
laying,  installation  of  pumps  and  heaters  in  the  first  dec^ 

of  buildings  coincides  with  the  aark  of  the  earth/ground. 

The  higher  position  of  water  in  local  system  takes  as 

equal  to  the  height/altitude  of  building. 


If  in  separate  users  heaters  ate  arrange/located  in  the 
basements  of  buildings#  the  aark  of  their  installation 
accepts  equal  to  the  mark  of  the  sex/floor  of  basement, 
which  also  will  be  applied  to  airfoil/profile. 

Scheduling  begins  with  hydrostatic  conditions/aod e for 
the  conditions  of  the  filling  of  systea  with  water  with 
temperature  to  100°c  at  the  direct  of  the  diagrams  of  the 
connection  of  the  local  systems  of  all  users  of  heat. 


A possible 

increase 

in 

the 

static  pressure 

in  system 

because  of  the 

effervescence 

of 

water  with 

the 

tej  perature 

above  100°C  at 

emergency 

shutdown 

of  systea 

is 

not 

considered.  During  scheduling  of  pressures  for  the  static 
behavior: 
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r 


4 


*1 


define  the  need  for  the  division  of  system  independent 


variables 

with 

t he 

statics  of  zone 

on 

the 

basis 

of  the 

condi tions 

of 

the 

direct  connection 

of 

all 

loca  1 

syste  ns 

for  users  to  thermal  grid/network; 

in  the  case  of  the  division  of  systeB  into  zones  is 

defined  the  place  of  ar ran gement/posit ion  on  thermal  network 

of  separating  catches  (units  of  crosscut) ; 

is  defined  pressure  of  makeup  pumps  both  in  the  heat 
source  and  in  the  units  of  crosscut; 

they  more  precisely  formulate  the  diagram  of  the 
connection  of  the  local  systems  of  separate  users. 


m 


— -■ .. 
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Table  9.25.  Values  of  coefficient  *. 


stagnation  prassnce  Pt  in  kg/ca*. 


i 


r 


DOC  * 78009410 


*41.1 


page  162. 


Table  9.26.  A.  quantity  is  the  pair  of  the  secondary 
effervescence  x in  kg/kg. 


II  4 till  MO# 

C 'Z  ) M llpM  KOIICHIIOM 

jm.HiiiiH  / 

« «.f  < M‘ 

14M  U'KHV 

1 

1.2 

1.4 

1.6 

1.6 

2 

i 

4 

6 

8 

7 

1.2 

0.01 

! .5 

0.022 

0.012 

0,004 

o.ojv 

0.029 

0.021 

0.013 

0.006 

2.5 

0.052 

0.043 

0,034 

0,027 

0.02 

0,014 

3 

0.064 

0.054 

0,046 

0.039 

0,032 

0.026 

3.5 

0.077 

0.064 

0,056 

0.040 

0,0.2 

0.036 

0.01 

4 

0.083 

0.073 

0,065 

0.068 

0.051 

o.ots 

0.05 

5 

0.008 

0,080 

0.081 

0.074 

0.067 

0,081 

0,030 

0,017 

8 

0.134 

0.125 

0,117 

0.11 

O.>04 

0.096 

0,073 

0,054 

0.038 

0.024 

0,012 

10 

0.152 

0.143 

0.136 

0,129 

0.122 

0.117 

6f093 

0.074 

0,058 

0,041 

0,032 

15 

0.IWJ 

0.18 

0.172 

0.165 

0.161 

0,154 

0,13 

0.H2 

0,096 

0,063 

0.071 

20 

0.216 

0,208 

0.205 

0.104 

0.188 

0.182 

0,139 

0.122 

0,127 

0,113 

0, 102 

25 

0,252 

0.232 

0.224 

0.221 

0.212 

0.205 

0,164 

0,147 

0,152 

0.139 

0,127 

» 

0.26 

0.252 

0.2« 

0.239 

0,233 

0.31M 

0,205 

0.168 

0,174 

0.161 

0.15 

35 

0,2711 

0.271 

0,262 

0.26 

0.252 

0.238 

0,225 

0,208 

0,193 

0.16! 

0,17 

Key:  (1). 

Initial 

pressure 

Pi  in  kg/cn* 

•teg nation 

pressmre 

?2  in 

kg/cn*. 
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Table  9.27.  The  specific  gravity/weight  of  steam-water 


-3 

mixture  yc»  In  kG/m  . 


" C'T 

^ 7cm  »|>M  kllHClHOM  4 JM.ICHMII 

S KiC/tM’ 

i 

1.2 

1.4 

1.8 

2 

* 

4 

5 

6 

7 

1.2 

57 

1.5 

26 

52.5 

169 

2 

14.5 

23.1 

37 

63.9 

134,5 

2.5 

11 

15.8 

22.6 

32.3 

47,6 

73.5 

3 

9 

12.5 

17 

22.8 

30.5 

41.3 

3.5 

7.4 

10.6 

13,9 

18 

21,3 

30.5 

168 

4 

7 

*9,3 

12 

15.3 

19,2 

24 

74.5 

S 

5.9 

7.6 

9.7 

12 

14.7 

17.7 

43 

110,5 

6 

4.3 

5.5 

6.7 

8.1 

9.6 

U.2 

21.8 

37.3 

M.3 

114 

23».l 

10 

3.0 

4.8 

5.8 

7 

5.2 

9.4 

17.4 

27.7 

43.8 

67.3 

IOI,  i 

IS 

3.1 

3.8 

4.6 

5.4 

5.2 

7.2 

12.3 

18.7 

26.9 

36.6 

46.3 

30 

2.7 

3.3 

3.9 

4.6 

5.3 

6.1 

10. 1 

14.8 

29.4 

26.4 

34 

25 

2.3 

3 

3.5 

4.1 

4.7 

5.3 

8.8 

12,7 

17,1 

22.1 

27.5 

» 

2.2 

2.7 

3.2 

3.5 

4.3 

4.9 

7.9 

U.2 

14.9 

19 

ii  4 

3ft 

3 

2.5 

* 

3.5 

4 

4.6 

7 

10  2 

13.6 

17.2 

30  4 

Key:  (1),  the  Initial  pressure  Pg  in  kg/cs*.  (2).  at 

stagnation  pressure  P2  in  kg/cs*. 
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Static  pressure  on  graph  is  characterized  by  the 
horizontal  line,  drawn  on  the  nark  of  the  highest  position 
of  water.  The  difference  between  the  aark  of  this  line  and 
the  nark  of  the  unknown  point  of  thernal  grid/network, 
preheating  installation  of  the  source  of  heat,  local  system 
of  bail  ding  determines  over  pres  sure  (hydrostatic)  at  this 
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point  in  a »at»r  column.  if  pressure  by  any  point  of 
system  does  not  exceed  permissible  ultimate  strength,  therma/ 
grid /net  worlt  do  not  divide  into  are  separate  zones. 

Table  9.31  gives  ultimate  pressures  for  some  types  of 
the  equipment  of  heat  sources  and  local  systems  of  heating^ 
ventilation  and  hot  water  supply  of  the  connected  buildings. 

The  small  permissible  pressure,  as  a rule,  have  the 
local  heating  systems  of  the  buildings  to  which  they  are 
oriented  during  the  analysis  of  graph  for  static  behavior. 

For  local  heating  systems  number  system  by  cast  iron 
radiators  it  is  possible  to  allow/assume  pressure  to  60  m 
by  water  column. 

One  should  to  this  limit  lead  the  local  systems  of 
the  separate  old  buildings,  arrange/located  in  areas  of  new 
building,  with  conducting  the  appropriate  hydraulic  tests 
also  if  necessary  to  replace  separate  instruments. 

If  pressura  above  60  m of  water,  st.  is  obtained  only 
of  several  separate  buildings,  their  local  systems  connect 

on  independent  circuit.  If  this  high  pressure  it  is  noted 
for  a wh  ole  area,  theraal  network  they  divide  into  separata 


DOC  » 78009410 


PAGE 


zones.  In  certain  cases  the  highest  nark  of  the  local 
systea,  determining  the  level  of  static  pressure,  has  one 
or  several  buildings.  Their  connection  according  to 
independent  diagra»  can  sharply  lower  the  line  of  static 

pressure. 


4 


I 


I 


Table  9.28.  Porm  of  table  and  an  example  of  hydraulic 
design  of  the  pipelines  of  steaa~water  mixture. 
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Key:  0)*  sections-  (2).  Consumption  of  steam-water  mixture 

in  n/h.  (3).  Characteristic  of  tube.  (4).  the  internal 

diameter  in  ma.  (5)  . outside  diameter  in  ma  x the  wall 

thickness  of  tube  (^°~)  • in  am.  (6).  Difference  in  the 
geodetic  marks  at  the  end  and  beginning  of  section 
in  a.  (7).  Pressure  before  steam  trap  P,  in  kg/cm*.  (8). 

Pressure  in  the  beginning  of  the  section  of  condensate 

piping  P,  in  kg/cm*.  (9).  Pressure  at  the  end  of  the 

section  of  condensate  piping  or  in  condensate  tank  or 

expansion  tank  P*  in  kg/cm*.  (10).  Coefficient  (11).  the 

length  of  the  section  of  Pipeline  in  a.  (12).  Condensate 
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with  7 = 958.4  kgf/caa.  (13) • Steaa-vater  mixture  when 

(14).  Total  loss  of  pressure  fron  drainage  controller  I 

10  ♦ in  kg/cm*.  (15).  according  to  the  plan.  (16). 
equivalent,  to  local  resistance.  (17)-  given.  (18).  speed  v 
in  a/s.  (19)  . specific  loss  of  pressure  A h in  kg/m*m. 

(20).  the  speed  ' 2-°  *-)■  in  m/s.  (21).  loss  of  pressure. 

(22).  specific,  (a**).  = # * Ah  in  kg/n2m.  (23).  on 
section  f ? W-  in  kgf/a*.  (24).  Mote.  (25).  Basic 

calculated  aain  line.  (26).  Branch. 
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Pig.  9.16.  Graph  of  pressures  for  the  static  behavior  of 


sy stew 

1 

line  of  the 

static 

pressure 

of  the  first  zone* 

2 - 
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the  second  zone; 
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> the  third 

zone ; 

hi 

- pressure  of 
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heat 

source  in  a; 

h 2 - 
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for  the 

second 
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h,  - 
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ad  just  sent 

of  additional 

feeding 

for  the 

third 

zone 

in 
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boat  source;  b 
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Figures  9.16  shows  the  exemplary /approximate  graph  of 
pressures  for  the  static  behavior  of  system  with  complex 
relief  of  locality. 

Large  difference  in  the  Barks  of  the  earth/ground  will 
lead  to  the  need  for  the  division  of  system  into  three 
independent  zones. 

Band  edges  can  be  changed  within  considerable  limits 
depending  on  the  taken  static  pressure  in  the  first  zone. 

In  each  specific  case  of  band  edge,  one  should  accept 
being  oriented  toward  the  greatest  coverage/scope  of  the 
users  of  the  thermal  grid/network  of  the  first  zone,  which 
adjoins  the  heat  and  power  plant. 

The  graph  of  pressures  for  hydrodynaaic  conditions/aode 
they  develop/process  for  the  conditions  of  steady  aotion  of 

Mt«r  in  the  pipelines  of  thersnl  network  nt  cnlcnlnted 
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consumption  and  the 

highest 

calculated 

temperature 

of  water 

The  lines  of  the 

graphs 

of 

pressures 

are  the  lo 

cus  upper 

ends  of  the  cuts. 

which 

express  the 

piezometric 

heads  of 

the  isolated  points  of  thermal  grid/network. 

Piezometric  head  is  that  part  of  the  complete 
hydrodynamic  pressure,  which  is  utilized  to  form  hydrodynamic, 
pressure.  Complete  pressure  is  counted  off  from  the  same 
conditional  level  from  which  is  counted  off  geodetic 
height/altitude.  Piezometric  head  determines  the  overpressure 
of  water  at  the  particular  point. 

During  scheduling  of  pressures  for  the  hydrodynamic 
conditions/node: 

are  determined  need  for  installation  on  the  thermal 
grid/network  of  booster  pumps,  place  of  their 
arrangement/position  and  pressures; 

is  checked  the  need  for  installation  on  thermal  networlc 
of  pressure  regulators,  are  determined  the  place  of  their 
arrangement/position  and  ranges  of  adjustment; 


they  more  precisely  formulate  the  head  of  network  pumpi 
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taking  into  account-  installation  on  the  thermal  grid/network 
of  booster  punps  and  regulators  of  pressure; 

is  checked  pressure  of  makeup  pumps  of  heat  source, 
selected  during  the  development  of  static  behavior,  and  is 
determined  the  need  for  pressure  adjustment  of  additional 
feeding; 

are  determined  the  available  ptessures  in  the  Units  of 
branching  and  during  the  input/introduct ion  of  thermal 
grid/network  into  central  thermal  point/items  and  the 

point/items  of  separate  buildings. 

Pressure  at  any  point  of  system  during  hydrodynamic 
conditions/mode  must  provide  the  filling  of  system  with 
mater,  prevent  the  effervescence  of  water  and  not  to  exceed 
the  permissible  strength  of  eguipment  of  heating 
installations,  pipelines  of  thermal  network  and  local  systems 
of  the  connected  buildings-  These  conditions  are  accepted 

during  the  development  of  graphs  and  pressures  both  at  the 
calculated  consumption  and  the  calculated  temperature  of 
water  and  during  deviations  from  calculated>  the  possible  in 

this  system. 


i 
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The  pressure,  which  prevents  the  effervescence  of  water 
must  be  not  less  than  the  pressure  of  the  dry  saturated 
steam  at  saturation  temperature  and  approximately  with 
sufficient  for  practical  calculations  accuracy/precision  it 
can  be  accepted  according  to  as  the  datum  of  table  9.29. 

Por  hot-waters  boiler  additionally  are  considered  the 
possibility  of  the  local  effervescence  of  water  in  pipes  o{ 
the  surface  of  heating  and  small  pressure,  preventing 
effervescence  of  water,  accepts  at  saturation  temperature, 
which  exceeds  the  calculated  by  30°C.  At  the  entry  into  boiler 
pressure,  must  be  higher  by  the  value  of  hydraulic  losses 
of  pressure  in  boiler  at  the  greatest  calculated  -onsumptio 
of  water. 

The  approximately  small  pressure  of  water  on  of  the 
entry  into  boiler  can  be  accepted  according  to  Table  9.30. 

Great  pressure  for  the  linear  part  of  the  thermal 
grid/networt  is  accepted  depending  on  the  type  of  the  used 
tubes  and  fittings-  Por  local  systems  this  pressure  is 
accepted  according  to  the  corresponding  projects  depending  on 

the  types  of  heaters- 
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For  the  preheaters  of  network  water  and  pumps  great 
pressure  is  accepted  according  to  technical  specifications 
for  their  supply. 

The  value  3f  the  greatest  pressure  of  water  for  some 

types  of  the  equipment  of  the  sources  of  heat  aa i local 

systems  is  given  in  table  9.31. 
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T«ble  9.29. 


(*5 

C' ) • *c 

C "5^0  iio 

3 

120 

10 

130 

?0 

140 

30 

ISO 

40 

I«a0 

&3 

170 

n 

ISO 

as 

Key:  (1).  The  calculated  temperature  ot  water  in  °C.  (2). 

Pressure  in  m water  column.  (3).  To. 


Table  9.30. 


PacMriflaa  rennepaTjfp*  aoiw 

• *C  • rriMuaofl  ctrn 

m 

IIO 

40 

120 

50 

130 

60 

140 

87 

ISO 

lOfl 

ISO 

133 

* i;o 

I4S 

ISO 

210 

Key:  (1).  The  calculated  teaperature  ot  eater 

in  *C  in  thermal  gr  id/neteork.  (2).  Pressure  io  a 
coluaa. 


water 


Table  9.31. 


OAnpy  io»JNM9 


Aaa.twHMw  •mi 

• M MV  it.  cm. 


</  7-3 


n».i«irpi*MiMH  ceTmnft  io,iu  tmm<.h  DO  m 
Ml  Capaluttv  aurii  MaUlMHOCrp>iMlC.1bilU(<j  3« 


flipoeojUMue  nojorpcodrcjiH  no  MMI 
Op*  «ncpiocTp<*M 

jMHutr  nu.iorpi  warcjiti  no  MBH 
Op.^crpu.  . 

Boioip*  tiHuc  crijibuue  Kor.iu  liiifu  noro 

IlfHi.iiMoutlie.IbHoCIbiO  M,  UAJ  h 
IftO  / *u  « w 

„ CD 

Hojoip  iinuc  cTj.ii.Muc  mjt.im  *l'>pnr»*fiyH<  • 
CNtKo  lai **o.i4  Upon  iiioaHic.luuocri.Ki  iJ,  .'a. 

50  (st 

MyryHNUc  u dorpt-Auiae  aor.iw  .... 

i CMCTcmu  npMCocjHHacMi. t h i 

NM« 

( fj)  CMcrrMU  OT-.n.ieHua  m mnlunuhh  c 

^ '«*yr>NHuMM  p*a.t*fop«Mt4 

(ft)  TO  41  . C ArfoMMUMH  (I  JM..1  M M l|  CO 
1 tu  eauk imh  hi  ipvfl  

(/Z.)  it-  .*• . c Acrc.tiiM.Mii  6ccrp/<,iii4Mn  na- 
V H(‘,1-iMH 

HrO  *t.  c H'MIU’HT  |)M  M M H npuA  p.TMH  . . 

/U' Ct.<  r*  m j am  l .1.1  mii. IH  llpuMi  iuj.1i  4MU« 
1 1 .i  H : (1  c U<*  lour 

7 Jl) I j'..’ 

V/ S 'CHC l*‘M.  ; I • ijiil'lrf <J  lio.’jii.  II. M ot.  Mux  111)  i 


7 JO l y.J 

V/S'chci**m  i>»}ni'u*ro  imi/uv  m.»i'4c«miiw  up.i 
M * Mr  i.iUH*  Iiaov  np..i.H-  i.ill.  MUll  %«pij 

no.,  muc  ii'iaor  pro.*  r.  .in 

(,'j  TO  AO.  Ili  CT1.II.MUJI  TpyA  npil  MX  He 
HOcpr.K  I Bi’IIHOM  iipMc  OC.l  H <li‘M  >1  M (Ofkpu 


14  N * Me  I.  UJI 
npn 


npMMCNPHMM  flJiac  IM4CCO 


Key:  fl).  Equipment.  (2).  Great  pressure  of  water  in  s 

water  coluan.  (3).  Preheaters  of  network  water  of  the  type 

BO  and  BP  of  the  Saratov  Machine  Building  Plant.  (4). 

steaa-water  preheaters  of  H VN  of  orgenergostroy.  (5)  . 
Water-to-water  preheaters  on  MV  N of  Orgenergostroy.  (6). 

Water-heating  steel  boilers  of  Biyskiy  plant  by  productivity 
50.  100,  and  180  gcal/'h.  (7).  Water-heating  steel  boilers 

of  Dorogobuzhskiy  plant  with  productivity  of  12,  25,  50 

gcal/h-  ( fl)  . Cast  iron  hot-waters  boiler.  (9).  Local  system^ 
of  the  connected  buildings.  (10).  the  heating  systaa  and 
ventilation  with  cast  iron  radiators.  (11).  the  sans,  with 
concrete  panels  with  coils  fron  takes.  (12)-  the  sane#  with 
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concrete  pipeless  panels.  (13).  the  sane,  with  connector 
instruments.  (14).  the  ventilation  system  of  industrial 
buildings  with  heaters  according  to  GOST  7201-62.  ( 1 5) . the 

system  of  hot  water  supply  during  their  independent 
connection  through  water  preheaters.  (16).  the  same,  from 
steel  tubes  during  their  direct  Connection  (open  system). 

(17).  the  same,  during  the  aPPlication/use  of  plastic  tubes, 

Page  165. 

The  line  of  the  graph  of  pressures  in  supply  pipeline 
must  during  the  calculated  and  other  conditions/modes  be 
placed  higher  than  the  line,  which  connects  upper  ends  of 
the  cuts  which  express  the  overpressures*  which  prevent  the 

effervescence  of  water  (table  9.29  and  9.30)  at  the  points 

of  the  highest  position  of  water  in  thermal  network,  in 
local  systems,  in  the  preheaters  of  network  water  or  in 
hot- waters  boiler. 

This  conditional  boundary  line  unlike  the  horizontal 

line  of  static  pressure  follows  geodetic  narks  of  the 
position  of  water  in  system. 
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At  the 

sane 

time 

the 

line 

of  the 

graph 

of 

pressures 

in  delivery 

Pipe 

and 

the 

line 

of  the 

graph 

of 

pr  essures 

in  return  line  must  not  create  a pressure  at  the  isolated 
points  of  system,  which  exceed  the  peraissible  in  condition  #‘f’ 
strengths  of  its  units,  which  determines  the  higher  position 

of  the  lines  of  graph- 

The  gradient/draf t of  the  lines  of  the  graph  of 
pressures,  which  characterizes  loss  of  pressure  in  pipelines 
is  accepted  for  each  section  according  to  hydraulic  design 
of  the  pipelines  of  thermal  grid/network. 

Kith  insignificant  difference  in  specific  losses  of 
pressure  on  friction  on  the  individual  sections  of  thermal 
grid/network  or  during  the  approximate  estimate  of 
hydrodynamic  cond itions/mode  it  is  possible  during  graphing 
of  pressures  the  gradient/draft  of  lines  to  accept  according 

to  the  complete  value  of  loss  of  pressure  in  calculated 
main  line  from  heat  source  tto  final  user. 


By  the 
and  makeup 
network  if 


appropriate  selection  of  pressures  of  network 
pumps  and  by  arrangement/position  on  thermal 
necessary  for  booster  pumps  or  regulators  for 
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local  decompression  is  determined  the  optimum  Position  of 


the 

pressure 

lines  of 

graph 

e 

In  comparison  with 

the 

conditions/mode  of  system  in 

the 

work 

only  of 

network 

pumps 

of 

heat  source,  the  booster 

pumps 

on  the 

delivery 

pipe 

of 

thermal  gtid/network  make 

it 

possible  to 

lower  the 

pressure  of 

water  in 

the  preheating 

installation 

of  heat 

source  and  in 

the 

delivery  pipe 

between  urce 

of  heat 

and  booster 

pump. 

Booster 

pumps  on 

return  line 

of  thermal 

network  make 

it  possible 

to  lower 

pressure  for 

the 

preheating 

instal  lati  on 

of  heat 

source,  also. 

in 

entire 

thermal  e. 

with  the  exception  of 

the  section 

of 

return 

line  between 

sources  of 

heat  and 

booster  pump. 

In  both 

cases  the  head  of  network 

pumps 

descends  to 

value  of  head  used  for  booster  pumps. 

Poc  the  existing  thermal  grid/net works  the  booster 
pumps,  incresing  the  available  pressure,  is  raised  throughput 
capacity. 


Installation  om  individual  sections  os 


feeding  or  return 
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lines  of  thermal  network  of  additional  resistance  - pressure, 
regulators,  also  aakes  it  possible  to  lower  pressure  in 
thermal  grid/network  after  this  regulator  (on  the  course  of 

water) . 

Are  exaained  below  soae  characteristic  exaaples  of  the 
graphs  of  the  pressures  (piezometers)  of  two-funnelled  water 
theraal  grid/network. 

Specific  losses  of  pressure  are  conditionally  accepted 
differing  by  entire  length  of  calculated  nain  line. 

Figures  9.17  shows  the  graph  of  pressures  for  the 
theraal  grid/network  of  residential  area  with  even  area 
relief  and  small  extent  of  grid/network.  Are  considered  two 
cases  - at  the  height/ait  itude  of  the  connected  buildings 
to  20  a and  to  40  a. 

In  the  fir3t  case  the  pressure  of  makeup  pump, 
selected  during  static  behavior  froa  the  conditions  of 
filling  of  systea  in  cold  state  equal  to  20  a of  water 
st.,  can  remain  without  change  and  during  hydrodynamic 
conditions/aode,  which  provides  the  simplest  schematic  of 
feed  device. 
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In  the  second  case  the  pressure  of  nakeup  puip, 
selected  during  static  behavior  equal  to  40  n of  odes  st. 
during  hYdrodynanic  conditions/node  Bust  be  lowered  to  20-30 
■ of  water,  since  during  its  aaintenance  at  previous 
pressure  level  of  water  in  the  reno^ed  users  will  exceed 
the  permissible  Units. 


In  this  case,  the 
which  adjoins  the  heat 
i.e.,  is  lower  than  the 
of  the  connected 


pressure  in  return 
source,  is  obtained 
height/altitude  of 

buildings. 


line  in  area, 
below  static, 
the  local 


systees 
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9.17.  Graph  of  pressures  in  thermal  network  with  even 


relief  of  earth/ground  and  small  extent  of  main  line  1 
line  of  static  pressure  with  arrangement  in  area  of  4-5- 
gradu^ted  buildings;  2 - line  of  static  pressure  with 


location 

in 

area  of  buildings  by 

height/altitude 

a, 

40  m;  *e* 

place 

of 

installation 

on  branch 

of  valve  of 

backwater;  H 

head 

of 

network  pump 

in  m. 

Page  166. 

for  providing  the  work  of  the  local  systems  of  this 
company  of  buildings  on  return  line  of  the  introduction  of 
thermal  grid/network  into  each  building  or  for  the  group  o'f 
buildings  are  establish/installed  the  automatic 
valve-regulators  of  backwater,  which  maintain  constant 
pressure  to  themselves,  providing  mt  ell  conditions/ nodes 
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filling  with  water  of  the  local  systems  of  the  connected 

buildings* 

Figures  9*18  shows  the  graph  of  pressures  with  even 

area  relief,  but  with  the  large  extent  of  calculated  main 

line  (on  the  order  of  10-12  km). 

The  necessary  conditions  in  systen  provide  in  this  case 
the  booster  pumps,  establish/installed  cn  reverse/inverse  and 
delivery  pipes. 

Figures  9.19  shows  the  graph  of  pressures  for  thermal 

network  of  s^all  extent  with  the  design  chart  of  the 

temPeratures  bY  150-70°C  and  nonelevator  direct  connection  of 
local  systems  at  the  height/altitude  of  buildings  20  m. 

Pressure  of  makeup  pumps  during  the  circulation  of 
water  in  system  must  be  higher  than  during  static  behavior, 
since  will  not  be  otherwise  provided  boiling  of  water  with 
temperature  of  1 50®c  in  peak  of  local  systems.  However,  the 
pressure  of  additional  feeding  in  this  case  can  prove  to 

be  that  which  is  not  admitted  according  to  the  conditions 

of  the  strength  of  network  pump.  In  this  case  it  is 
possible  to  leave  pressure  of  makeup  pumps  equal  to  20  m 
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of  water,  to  increase  the  head  of  network  puaps  from  35 
to  65  ■ of  water  and  to  provide  automatic  decompression  ih 
return  line  by  special  regulator  wof  constant  pressure  aftey- 
itself . 

/ 

Figures  9.20  shows  the  graph  of  pressures  with 
depressed  fron  heat  source  area  relief. 

Pressure  of  makeup  puaps  during  the  circulation  of 
water  in  s/stea  in  this  case,  as  a rule,  is  selected 
smallest.  Place  of  arrangeaent/position  and  pressure  of 
booster  puaps  are  determined  on  condition  so  that  in  the 
users,  located  on  the  lowest  aarks,  would  be  supported 
pressure  of  not  more  than  60  a water  column. 


</ 


^*i^.  c\.  1^. 


M 


Fig.  9.18.  Graph  of  pressures  in  theraal  qrid/network  of 
large  extent  A - heat  source;  b - place  of 
arrangeaent/positi on  of  booster  puaps;  a is  possible  place 
of  arrangenent/position  of  booster  puap  on  return  line;  C 
is  final  user;  1 - line  of  static  pressure;  H - head  of 
network  puap  in  a;  ht  is  pressure  of  aakeup  puap  of  heat 
source  in  a;  h*  is  pressure  • of  additional  feeding  during 
circulation  of  water  in  systea;  h3  is  pressure  of  booster 
puap  on  that  which  feeds  in  a;  h«  is  pressure  of  booster 
pump  on  re verse/inwerse  in  a. 


Pig.  9.19. 

Graph 

of 

pressures 

in  thermal  grid/network 

of 

saall  extent 

and 

in 

work  of 

local  systems  of 

buildings 

superheated 

water 

1 

- line  of 

static  pressure; 

H - 

head 

of  network 

puap 

in 

a;  h - pressure  of  aakeup 

puap 

in 

i 


r 
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hg  is  local  decompression  on  return  line  in  a. 


v 


Pig.  9.20.  The  graph  of  pressures  in  thermal  network  with 
the  depressed  from  heat  source  relief  of  the  earth/ground 
A - heat  source;  B are  B*  the  zone  of  possible 

arrangement/position  of  the  substation  of  pumping;  H 
pressure  of  network  of  pump  in  m;  h pressure  of  makeup 

pump  in  m;  is  pressure  of  booster  pump  in  m;  h*  is 

the  available  pressure  before  booster  pump  in  m. 


Page  167. 


figures 
network  with 
main  between 
functions  fcfc 


9.21  shows  the  graph 
dropping  relief  of 


tha  source  of  heat 


.< 


network  and  booster 


of  pressures  for  theraal 
locality  and  with  transit 
and  users.  In  this  tWfr  o 

pumps*  ere  coabiaed.  The 


_ 
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circulation  of  water  provides  one  group  of  the  pumps, 

arrange/located  not  of  heat  source,  but  on  the  route  of 

thermal  grid/network. 


Makeup  pumps  are  arrange/located  at  heat  source.  Pressure  of 


makeup 

punps  is  taken 

in 

this  case  of 

such,  in  order 

to 

avoid 

the  effervescence 

of 

water 

dur ing 

the  circulation 

of 

water 

with  calculated 

tempe rature. 

Pressure  in  delivery 

pipe 

on  finite  segments  of  main  line  is  lower  than  static; 
however,  this  will  not  lead  to  the  effervescence  of  water 
in  pipelines  at  calculated  temperature  of  150°C. 

Figures  9.22  sho*s  the  graph  of  pressures  with  raised 

area  relief  from  heat  source  to  users.  With  the  calculated 

consumption  of  water,  the  position  of  the  lines  of  graph 
provides  everything  necessary  requirements,  during  a 
reduct  ion/descent  in  the  consumption  of  water  necessary  to 
additionally  regulate  pressure  in  return  line  on  the 
collector/receptacle  of  heat  source  or  in  any  of  the  units 
of  thermal  network. 

In  the  ca3a  in  question  it  is  advisable  to  regulate 

ptH«r*  in  nod*  B of  thereml  network. 
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Figures  9.23  shows  the  graph  of  pressures  with  the 
coupler  relief  of  the  earth/ground  in  thermal  area. 

In  the  multiple  operation  of  several  heat  sources,  is 
constructed  the  combined  graph  of  pressures  for  the  thermal 
grid/net  works  of  all  sources-  To  construct  the  combined 
graph  they  begin  with  the  graph  of  basic*  largest  heat 
source  in  its  work  in  their  thermal  area. 

The  obtained  on  this  graph  marks  of  piezometric  heads 


and 

the 

available  pressures 

in 

the  units  of 

the 

contiguity 

of 

the 

t herma 1 

grid/networks 

of 

other  sources 

are 

accepted 

as 

the 

i nit.ial 

for  graphing 

of 

the  pressures 

of 

t he 

thermal  grid/networks  of  these  sources  in  their  joint 

operation. 
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Fig.  9.21.  Graph  of  pressures  in  theraal  grid/network  with 
depressed  from  heat  source  relief  of  earth/ground  and 
transit  sain  line  on  main  section  A - heat  source;  B 
place  of  arrangenent./position  of  network  puaps;  C is  final 
user;  H - head  of  network  pump;  h - pressure  of  makeup 
puap  of  heat  source;  1 - network  pump;  2 - line  of 

static  pressure. 


Key;  (1).  Settlement. 


Pig.  9.22.  Graph  of  pressures  in  thermal  network  with 
raised  from  heat  source  relief  of  earth/ground  a - heat 
source;  c is  final  user;  b - site  of  installation  of 
control  instrument;  H - head  of  network  pump;  h»  is 

pressure  of  makeup  pusp;  h,  is  pressure  of  additional 
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feeding  during  circulation  of  water  in  systea;  h,  is 
pressure  of  additional  feeding  during  decrease  in  consuaptic 
of  water  in  systen  (version  of  regulation). 


Pig.  9.23.  The  graph  of  pressures  in  theraal  gr id/network 
with  the  coaplex  relief  of  the  earth/ground  A - heat 
source;  B - the  unit  of  branch;  C and  D - final  users; 

Bj  and  B2  - the  zone  of  the  possible  arrangenent/position 
of  booster  puap;  H - the  head  of  network  puap  in  a;  ht 

is  pressure  of  booster  puap  in  a;  h is  a value  of  local 
decoapression  in  the  delivery  pipe  of  branch  in  a;  1,  2 

and  3 - the  line  of  static  pressure  in  the  first,  second 
and  third  zones;  4 - booster  puaps  cn  return  line  of 


branch 


* 
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Page  168. 

Examples  examined  above  make  it  possible  to  draw  some 
practical  conclusions  which  can  facilitate  scheduling: 

1.  The  graphs  of  pressures  for  hydrostatic  and 
hydrodynamic  conditions/aodes  are  considered  separately*  since 
both  conditions/modes  characterize  the  different  in  time  and 
conditions  of  work  state  of  system  and  solve  different 
problems. 

2.  Pressura  line,  which  prevents  effervescence  of  water 
with  calculated  temperature  at  hydrodynamic  condition  s/mode, 
it  follows  for  marks  of  position  of  water  in  system  and 
with  complex  area  relief  can  intersect  with  horizontal  line 
of  static  pressure,  which  reflects  filling  of  system  with 
cold  water. 

3.  Installation  on  feeding  or  reverse  pipelines  of 
booster  pumps  does  not  predetermine  division  of  grid/network 
into  independent  variables  with  statics  of  zone,  just  as 
not  in  all  cases  of  division  of  network  with  statics  into 
zones  appears  need  for  setting  up  of  booster  pumps  during 
circulation  of  motor  for  ayotoa. 
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4.  Pressure  of  makeup 
of  filling  of  system  in 
check  during  hydrodynamic 
to  be  either  insufficient 
conditio ns /mode. 


pumps,  accepted  from  conditions 


ondx ti ops 

JuaMMULl1 


cold  state,  one  should  uompsfrsln.1'1 
conditions/node*  since  it  can  prove 
or  excessive  for  hydrodynamic 


5.  Head  of  network  pumps,  accepted  by  basis  of 
hydraulic  designs  as  sum  of  losses  of  pressure  with 
calculated  consumption  of  water  in  preheating  setting  up,  in 


pipel ines 

of 

thermal 

grid/network  (on 

calculated  main  line) 

and  in 

local 

system 

of 

most  removed 

user,  it  is  necessary 

to  check 

on 

curve/graph 

of  pressures 

during  hydrodynamic 

conditions/mode 

, since 

it 

can  decrease 

established/instal led 

booster  pumps  and  increase  established/installed  in  thermal 
grid/aetvork  pressure  regulators. 
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Page  16  9. 


Chapter  10 


STRESS  ANALYSIS  OP  PIPELINES  AND  POR  THE  COMPENSATION  POR 
THERMAL  ELONGATIONS. 


10.1.  Calculation  of  the  pipelines  of  theraal  grii/networks 
for  strength. 


The  basic  task 

of 

the 

stress 

analysis 

of 

pipelines  is 

determination  or  testing 

the 

thicknesses  of 

the 

walls  of 

tubes,  flight/spans 

between 

movable 

supports 

and 

the 

permissible  compensating  voltage/stresses. 

Calculation  for  strenght  of  the  pipelines  of  thermal 
grid/networks#  as  subordinate  to  Gosgorthkhnadvor  on  to  2,  3 
and  4-o 1 categories,  is  produced  in  accordance  with  p.  38 
of  the  "rules  af  device  and  safe  operation  of  the 

pipe limes  of  vapor  aad  hot  water" , oa  the  "norma  of  the 
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calculation  of  the  cell/eleaents  of  steaa  boilers  for  the 
strength"  of  TsKTI,  publ.  1957  and  "additions  to  the  norms 
of  the  calculation  of  the  cell/eleaents  of  steam  boilers 
for  the  strength"  of  TsKTI,  accepted  by  Gosgortekhnadzor 
into  1958. 


for  aain-line  gas  pipes,  oil  pipelines  and  petroleum 

product  lines,  is  applied  at  present  the  method  of  the 
stress  analysis  of  tubes,  given  in  chapter  S^iP  II-d.10~62, 
that  considers  the  specific  character  of  work  conditions  of 
these  pipelines. 

During  the  calculation  of  pipelines  for  strength, 
consider  the  following  basic  loads:  the  internal  pressure  o'f" 

heat  carrier,  the  dead  weight  of  pipelines,  load  due  to 
wind  (with  abova-grade  packing)  and  forces,  which  appear 

during  the  thermal  elongations  of  pipelines.  To  the  latter 
they  are  related:  the  force  of  elastic  deformation  and  the 

bending  moments  of  flexible  compensators*  including  the 


angles  of 

rotation. 

used 

for  compensation; 

force 

of  friction. 

in  movable 

supports 

with 

above-grade  packing 

and 

packing  in 

channels; 

the  force 

of 

friction  in  gasket 

coapensat  ors. 

During  the  calculation  of  the  pipelines  of  thersal 
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grid/ne* works  for  strength,  is  provided  for  the  complete 
utilization  of  permissible  stress  from  the  given  above  load 
because  of  the  redistribution  of  stresses  from  these  loads 
between  themselves. 

The  consequence  of  the  redistribution  of  stresses  from 
the  different  form  of  loads  is  the  possibility  of  an 
increase  in  the  flight/spans  between  movable  supports, 
decreases  in  the  flights  of  flexible  compensators  or  length 
of  balance  arms  (for  the  sections  of  auto/self-compensation) 
with  the  insufficient  utilization  of  allowable  stress  from 
internal  pressure* 

The  calculation  of  pipeline  is  performed  to  the  working 
order  by  which  they  accept: 

a)  internal  pressure  of  heat  carrier  - egual  to  the 
greatest  operating  pressure  taking  into  account  a possible 
increase  in  it  during  changes  in  the  conditions/node  of  the 
work  of  equipment  (turbines*  pumps),  and  for  water 
grid/networks  (and  condensate  pipings)  also  taking  into 
account  the  nark  of  the  position  of  pipelines.  For  feeding 
and  return  lines  of  thermal  grid/net  works,  it  is 
allM/ui«Md  to  take  the  different  value  of  operating 
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, pressure  in  accordance  with  the  real  hydraulic 

condi  tions/aode  of  system,  but  is  not  less  than  10  kg/ca«; 

/ 

W 

b)  the  teaperature  of  the  wall  of  tube  [to  equal 

Maximally  possible  teaperature  of  heat  carrier;  for  stean 

lines  - according  to  the  teaperature  pair  on  the 
collector/receptasle  of  heat  source  taking  into  account 
oscillation/vibrations  in  the  teaperature  at  the  different, 
conditions/aodes  of  the  work  of  equipment  (turbines, 
boilers) ; for  condensate  pipings  - on  the  teaperature  of 

condensate  after  condensate  branches  or  condensate  pumps;  fot- 
the  delivery  pipe  of  two-funnelled  water  grid/network  - 
according  to  the  highest  calculated  teaperature  on  the 
collector/receptacle  of  source  of  heat  (taking  into  account 

an  increase  in  the  teaperature  by  the  heat  losses  in  the 
theraal  grid/network),  while  for  return  line  - according  to 
the  highest  calculated  teaperature  of  water  on  the 
curve/graph  of  teaperatures  taking  into  account  the 
teaperature,  taken  at  tiae  of  heat  tests  of  theraal 
grid/network  (but  it  is  not  less  than  100°C)  ; 

c)  calculated  weight  is  equal  to  the  weight  of  tube. 


theraal  insulation  constructions  and  water  with  heat  carrier 

- *ater  and  weight  of  tube  and  theraal  insulation  structure 
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with  pair.  Those  who  were  determining  during  calculation  for 
working  order  the  flight/span  between  supports  (for  steam 
lines)  and  the  diaensions  of  flexible  compensators  (upon 
consideration  of  their  preliminary  bracing  in  cold  state) 
are  checked  against  the  cold  state  in  which  they  accept: 


a)  the  intarnal  pressure  of  heat  carrier  equal  to 
operating  pressure; 

b)  the  temperature  of  the  wall  of  the  tube  of  equal 
to  20°c; 


c)  calculated 
thermal  insulation 


weight  equal  to 
construction  and 


the  weight 
water. 


of 


t ube. 


Nominal  permissible  stress  and  the  modulus  of  elasticity, 
of  steel  accept  those  corresponding  to  that  temperature  of 
the  “all  for  which  is  performed  the  calculation. 

The  stress  analysis  of  pipelines  is  performed  for  the 
most  stressed  section/cut  i.e.  for  a section/cut*  in  which 
the  combination  of  the  effective  loads  creates  maximum  tota/ 
equivalent  stress. 
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During  testing  of  section/cut  with  transverse  veld  of 
stress  froa  all  loads,  except  internal  pressure,  are 
deterained  with  consideration  the  coefficient  of  strength  of 
transverse  veld. 

Page  17  0. 


The  wall  thickness  of  tube,  which  is  located  under 
internal  pressure,  is  deterained  at  the  operating  pressure 
of  heat  carrier  according  to  the  foraulas: 


with  flexible  coapensators  and  auto/self-coapensa tion 

(continuous  tubes) 

«'  «*  ~—y~ Dj~—  4 c mm;  (10. 1) 

».*0oAO|,9-('P  pi4 

with  gasket  coapensators  (notched  tubes) 

P p.a  Dm 


I — 


1 e MM. 


(10.2) 


'A*1  uAO^f+PpU 

where  pv,»  - the  operating  pressure  of  heat  carrier  in 
kg/ca2;  o»—  a outside  diaaeter  of  tube  in  aa;  c is  an 

addition  to  the  calculated  wall  thickness  of  tube  in  aa;  0*^ 
peraissible  stress  froa  internal  pressure  in  kgf/nn2  taken, 
as  equal  to  the  noainal  allowable  stress  <>*„„  and  deteraine 
according  to  table  10.1;  e is  a aodulus  of  resistance  of 
longitudinal  or  spiral  weld;  they  accept  for  wrought  pipes 
according  to  Table  10.2. 


The  wall  thickness  of  tube  s*r  determined  by  formulas 
(10.1)  and  (10.2),  they  round  to  the  nearest  larger 
si*e/d imension  of  s on  the  "assortment  of  the  tubes  of 
thermal  grid/networks"  or  according  to  GOST. 

The  rounding  mall  thickness  to  smaller  side  is 
permitted  to  value  not  more  than  3o/o  from  value  (s' 
c). 


The  value  of  additive  c for  seamless  pipes  is 
determined  by  the  formula 

C mm  A,  (t  — C)  MM  , (10. 

where  At  is  the  coefficient,  taken  depending  on  the  value 
of  technological  minus  tolerances  for  the  wall  thickness  °f 
tubes,  provided  for  GOST: 


with  the  sinus  tolerance  -is*  . . . 

the  -'*«  : : : 

•• 


A,-‘h  IS 


With  the  minus  tolerances,  which  have  intermediate  value, 
tke  coefficient  At  determines  by  interpolation. 


i 


1 " ■ 
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The  specific  by  formula  (10-3)  value  c includes  the 
compensation  for  the  thinning  of  vail  in  the  bends  of 
tubes  with  condition  that  the  mean  radius  of  bend  will  be 
not  less  than  3.5  /)„. 

During  the  application/use  of  the  bent  tubes  with  radii 


of 

bend 

smaller  than  those 

who 

vere 

indicated  are 

hig  her. 

the 

value 

of  coefficient 

A, 

must 

be 

multiplied  by 

val  ue 

\tu 

k 

.where 

R is  a radius 

Of 

the 

axle/axis  of  the 

bent  tube 

la 

SB. 

The  value  af  addition  c for  wrought  pipes  accepts 

equal  to  the  value  of  the  permissible  minus  deviations  with, 
respect  to  the  thickness  of  steel  plate  with  respect  to 
the  appropriate  Gosts- 

The  value  of  addition  c in  all  cases  is  taken  not 

less  than  0.5  mm. 

For  the  us»d  in  thermal  grid/networks  seamless  tubes  o-f 

the  common  manufacturing  precision  according  to  GOST  8732-5 8*" 

valves  of  coefficiemt  A,  are  taken  as  equal  to  0. 2,  since 
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deviation  with  respect  to  wall  thickness  during  the 
manufacture  of  these  tubes  with  respect  to  the  Gost 
comprises  - l5o/o. 


The  value  of  addition  c for  wrought  pipes  according  t c 
GOST  4015-58  and  8696-62,  which  considers  minus  deviation 
with  respect  to  the  wall  thickness  of  tube,  is  accepted 
according  to  GOST  8597-57  to  steel  roll  and  according  to 


GOST  5681-57 


steel  rolling  t hick- leaved: 


'■PM  Tt  AUIUM*  JHCTt  5— 5.  > MM 

CS> 

• • MM  N 6oJC« 


with  thickness 


C^-O.s  mm.  / _ \ 
mm  C * ' 

\ mm  i.i  ■ rj»yA 

kv/no  rOCT  dulJ-.'.* 

/ <W>.7  mm—  x n TpV* 

J b^oc  r wrt— 

>f  sheet* 


the  same. 


( 3)  . tor 


tubes.  («).  according  to  GOST.  (5).  and  note. 
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Table  101.  Nominal  allowable  stresses  in  kgf/mm*  (on 

"additions  to  the  norms  of  the  calculation  of  the 
cell/elements  of  steam  boilers  for  the  strength,  accepted  iu. 


1958"  by  TsKTI) . 


— JJJ 

Paciv  (Ham 
TtMiirpan  (>• 

C ICMfc.i 

vp y (.14  s *C 

JIuMmM8.1I.MM>-*  1<  IIVCI.Ji  WUi' 
A*“»  **•»»  b CTJ1W 

10 

^7 

15 

* 

JO 

11.7 

12 

u 

13.3 

14.3 

11.7 

100 

II. n 

11.5 

ia.4 

12.75 

13.6 

1 1 "5 

1 m» 

10. M 

11.2 

12. '*5 

12.4 

U.2 

13,65 

'-**■> 

10.3 

10.9 

11.7 

12.1 

12. H 

13.3 

a.  7 

10 

10.7 

11.1 

11.7 

12.2 

J6o 

9.3 

9.6 

10.3 

lo.o 

ii. i 

11.6 

280 

8.9 

9.2 

9.8 

10.1 

11. 1 

300 

8.5 

H.8 

9.4 

9.7 

— 

10.5 

320 

— 

8.3 

— 

9.2 

— 

10 

340 

— 

7.9 

— 

8.7 

— 

9.5 

360 

— 

7.5 

— 

8.2 

— 

9.0 

380 

— 

7.1 

— 

7.7 

— 

8.5 

444) 

— 

6.7 

— 

7.3 

— 

8 

410 

— 

6.S 

— 

7.1 

— 

7.7 

420 

— 

6.3 

— 

6.9 

— 

7.8 

430 

— 

5.9 

— 

6.5 

— 

7.3 

Notes:  1.  For  the  i^C/>‘ reed  late  values  of  the  calculated 

temperature  of  the  wall  of  tube  the  allowable  stress 
determines  by  interpolation  among  two  nearest  values  with 
the  rounding  of  result  to  0.05  kgf/mm2  to  the  side  of 
smaller  value. 


2.  Values 
150°C  are 


of  for  temperatures  of  wall 

determined  by  interpolation. 


of  tube  100 


and 


Key: 

(1)  • 

The  calculated  temperature  of 

the 

wall  of  tube 

in 

°c.  (2) 

. Nominal  allowable  stresses 

for 

the  mark/btands 

of 

steal. 

(3).  St. 
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Table  10.2.  Hoduli  of  resistance 


0 ) 

Koncip) kuNi  uisa  m ciiuc  A ctapaM 


K HiuiCHr 

up -SH  CIM 

caa ( . m • < » ulna 


Ctuk  oi»o.1  mow  npu  py'moA  caapae  c iiu^- 

UCK  .1  CO  kTup  Ihu  •>  plUltHM  lima  ... 

cj >Ouk  ,a,  a uj-  it  iipti  py'iiioi  o.'inocTopty.itn  A 
raapar  npu  hj.im'iiiii  iu  cropoMia  pujmi.j 
uma  no^H.uaHki  m.im  ko.tuuu.  npM.icr.u*^.:tn k 
a ocHouiiuMy  Mcra.ui y iio  nieMy  rupiivn  rpv 
< Ir.ruKOB  >h  uioa  npa  pysHofl  oJiHocTop  iiiiu  A 

Caapne  . 

( (,)C runoUi'd  uioa  c lnycropomiuH  npooapOM. 
aL.n».iHN<*MuA  asiuM a r m wtCKO A caapKOu  iio.i 

C.V**  ^ 

('*)/Cl  l.moii.>A  U.OS.  fill!  > .i.i-muA  TO.it.ao  C o.:- 
moA  cTOponu  JiiTUMaiiiHCiKoit  (napsoA  iioj 
CAuiM  i|)AUCI 


weld. 


note.  The  modulus  of  resistance  of  spiral  weld  for  wrought 

pipes  according  to  GOST  8696-58  taking  into  account  the 

Permissible  according  to  GOST  lack  of  welding  is  taken  as 
equal  to  0.6,  and  according  to  GOST  8696-62  - 0.8. 


Key:  (1).  Construction  of  weld  and  the  welding  method.  (2) 

Modulus  of  resistance  of  weld.  (3).  The  butt  weld  during 
manual  welding  with  auxiliary  welding  from  the  apex/vertex 
of  weld.  (4).  The  butt  weld  during  manual  indirect  welding 
when,  from  the  apex/vertex,  the  weld  of  block/backing  or 
ring  is  present,  adjacent  to  base  metal  on  entire 
perimeter.  (5)  • The  butt  weld  during  manual  indirect 
welding.  (6).  The  butt  weld  with  bilateral  penetration, 
fulfilled  by  automatic  subaerged-arc  welding.  (7)  . The  butt 
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weld,  weldable  only  on  the  one  hand  by  automatic 
submer ged- arc  welding. 

Page  171. 

The  value  of  addition  c for  welded  the  work  of  the 

conon  manufacturing  precision  according  to  GOST  1753-53  are 
accepted  equal  to  lOo/o,  and  about  GOST  3262-62  - 15o/o  o-f 

the  wall  thickness  of  tube. 

In  the  wall  thickness  of  tubes  in  all  forms  of  the 

above-grade  and  underground  packing  of  thermal  grid/networks 
the  reserve  for  external  corrosion  is  not  provided  for. 

With  the  assigned/prescribed  wall  thickness  of  tube 
testing  this  thickness  on  internal  pressure  is  done  by  the 
comparison  of  the  given  voltage  in  the  wall  of  tube  from 

the  internal  pressure  of  heat  carrier  with  allowable 

stress  from  internal  pressure  in  this  case  it  is 

necessary  to  observe  the  condition 


<»np  °Aon  kgf/mm • 


(10.4, 
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The  given  stress  from  internal  pressure  with  the  known 
wall  thickness  of  tube  is  determined  from  the  formulas: 

with  flexible  compensators  and  the  auto/self -com  pens at  ion 
(continuous  tubes) 

a „ PyjtlR" ~ *!L  kgf/aa*  (lO.rj) 

210." -F 

with  gasket  compensators  (cut  tubes) 

- rv'e  lD*~-—  kgf/aa*  (io.fi) 

‘ 2U0*"f 

where  ,«*  is  a calculated  wall  thickness  of  tube  in  nn. 

The  calculated  wall  thickness  of  tube  is  determined 
from  the  formula 

> * — e'  mm  . (10. 7 1 

where  s is  a nominal  wall  thickness  of  tube  in  nn;  c'  is 

minus  tolerance  for  the  wall  thickness  of  tube  according  to 

the  appropriate  Gost  in  nn. 

Por  seamless  pipes  according  to  GOST  8732-58*  common 
precision  of  manufacture  during  the  permissible  minus 
deviation  with  respect  to  the  mall  thicknesa  of  tube  \bo/o 
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value 


I 


c.  i»  detersined  fro.  tho  for.ula 

*'  — 0,13***  (1°  6) 

For  wrought  pip«*  *al«e  c®  accepts  equal  by  =. 

value  c®  in  all  cases  is  taken  not  less  than  0.5  ■> 


WO  WO  350  WO  250  m 150  WO 

IB‘C - 

Pig.  of  10.1.  HOaograa  for  determining  of  the  wall 

thickness  of  tube  s*  and  of  the  given  stress  fron  the 
internal  pressure  ^np  for  the  seamless  continuous  tubes. 

Example.  To  determine  the  wall  thickness  of  seamless  pipe 
by  outside  dimmmtor  du- ks  ■■  with  coolant  pair  with 

pressure  kg/cm*  temperature  of  t = 425°C;  the 

material  of  the  wall  of  tube  steel  of  brand  20.  Connecting 
in  series  points  1,  2,  3 , 4 and  5,  we  determine  at  point 
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page  172. 

The  thickness  of  the  wall  of  the  continuous  tubes  and 
the  given  stress  fro*  internal  pressure  for  these  tubes 
with  the  known  wall  thickness  of  tube  can  be  determined 
according  to  the  nomograms,  given  in  Pig.  10.1  and  10.2. 

The  maximum  flight/span  between  movable  supports  on  the 
direct/straight  section  of  pipeline  from  the  condition  of 

the  strength  of  tube  is  determined  from  the  formula 

> >r  i.V  ir'y 

/ _ 1 ~M  (|0.9) 

» 0,8  q,  ' ' ' 

where  a\  is  the  permissible  equivalent  stress  for  weight 


and 

loads 

due 

to  wind  in 

kgf/mm2 ; 

r>  - 

the 

moment  of 

resistance  of 

the 

cross 

section  o-f 

tube 

with 

the 

calculated 

wall  thickness 

of 

tube 

tr  in  cm3 

*x  - 

the 

modulus  of 

resistance  transverse  weld  ; accept 

according  to  table  10.2; 


«»  - equivalent  weight  load  in  k6/i; 




1 r 
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Q.8  - the  coefficient  of  plasticity. 

The  permissible  equivalent  stress  for  weight  and  loads 
due  to  wind  is  determined  from  the  formula 

kgf/mm*  <10  l0) 

n,  is  the  coefficient,  depending  on  relationship/ratio 
Onp  "am .the  type  of  compensators;  f~/«*10.3,  or  they  determine 

A 

according  to  the  curve/graph  of  Fig«  10.3. 

The  flight/span  between  movable  supports  with  gasket 
compensators  calculates  according  to  those  who  stretch  and 
according  to  compressive  stresses;  during  calculation 
according  to  compressive  stresses  the  coefficient  in 

formula  (10.9)  takes  as  equal  to  unity;  as  calculated  they 
accept  smaller  of  the  obtained  flight/spans*  For  a 
concrete/specific/actual  value  coefficient  can  be 

predetermined,  with  which  relationship/ratios  °nPA*aon  one 
should  perform  calculation  for  elongation  and  with  which  for 
compression. 
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Pig.  10.2.  Nomogram  for  determining  of  wall  thickness  of 

tffip 

tube  s'  and  of  given  stress  froa  internal  pressure  of^ 
for  welded  continuous  tubes. 

Example.  To  determine  the  given  stress  fron  internal 
pressure  for  wrought  pipe  by  outside  diameter  - uo  mm, 
,p-r.i  mm,  at  a pressure  of  heat  carrier  V#"'*  kg/cm2. 

Connecting  in  series  points  1#  2,  3,  and  I,  me  deter nine 
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at  point  ‘•up-*.  kgf/aa*. 

Key:  (1).  kgf/na*- 


Page  173. 


Thus,  for  instance#  at  the  value  of  the  coefficient  = 

0.7  with  relationship/ratio  ^np/^aw  fron  0 to  0.48 
calculation  one  sh°uld  produce  only  tensile  stresses,  but  at 
value  "np  fron  0.48  to  1 coapressive  stresses. 


Equivalent  weight  load  with 
accepts  equal  to  the  calculated 
working  or  cold  condition  *»=<? 


underground  pipe  laying 
weight  of  pipeline  in 
kG/n. 


Eguivalent  weight  load  with  above-grade  pipe  laying, 
which  considers  along  with  the  weight  of  pipeline  load  due 
to  wind,  is  deterained  according  to  fornulae 


«•  “ ktf/a 


(10.14) 


where  m,  is  the  coefficient,  which  considers  the  effect  of 

load  duo  to  viad;  they  detoraino  according  to  tko 


— i ad>-  ■ 
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curve/ graph  of  Pig*  10»4  depending  on  standard  velocity  heaJ 
of  wind  g##  given  in  Table  10-4. 
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Table  10.3.  Pomulas  for  determining  the  coefficient 


0/ 

CiK»f'*6  aowm  iic.iumm 

TL/ 

PiCHrmut  {cpuy.tM 

T>T 

im/Iump  KOMiifHcaropu  m;im 

C ftMOKOMIIC  HC  SUMN 

. pfr~ 

rmri'-m  jto 
pu.  PadeT  Tpyrt  n>»  par  Turn 

r»  — J .»/06  (10  12) 

Ca.it.MMK  muf  Notinrncaro 
pu.  Pai'icr  Tp>6  tin 
uimm  MJiapnac/MtiN 

1 ^ I *np  ,* 

I 1 .2—0,75  , ~ 

f Aon 

•np 

- U0.I.1I 

*on 

Key:  (1).  nethoi  of  condensation.  (2).  Calculation  for.ulas 

(3)  Flexible  compensators  or  auto/seif-compensation.  (4). 
Gasket  compensators.  Calculation  of  tubes  according  to 
tensile  stresses.  (5).  Gasket  compensators.  Calculation  of 

t»b«0  according  to  coaprassieo  stresses. 


I 


I 

I 
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Fig.  10.3*  Graph  for  determining  coefficient  ’ll  1 - with 
flexible  compensators  or  aut0/seif-coapensation;  2 - with 

gasket  compensators  (calculation  according  to  tensile 
stresses);  3 - with  gasket  compensators  (calculation 

according  to  compressive  stresses);  >np  is  given  stress  from 
internal  pressure  in  kgf/mm*;  «luB  is  allowable  stress  from 
internal  pressure  in  kgf/tm*. 

Key:  (1).  Coefficient. 
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Fig-  10.4.  Graph  for  determining  influence  coefficient  of 

load  due  to  wind  q0  is  standard  velocity  head  of  wind 

in  kgf /m* ; i>„  - outside  diameter  of  cover  layer  of 

insulation  construction:  with  lining  "tube  on  tube"  takes  a 
equal  to  sum  of  outside  diameters  of  cover  layer  of 
insulation  construction  of  carrier  and  carried  pipelines  of 
mm;  q - weight  of  pipelines  in  kG/m. 

Key;  (1).  coefficient.  (2).  kgf/m2.  (3).  mm/kg/m. 

Fig.  10.5.  Graph  for  determining  coefficient  of  change  in 

flight/span  between  movable  supports  of  carrying  pipeline 
• »h  packing  "tube  on  tube"-  qt  is  weight  of  the  carried 

i a*  1 1 me  lm  kc/m;  q - the  weight  of  carrying  pipeline  in 
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kG/m- 

Key:  (1).  coefficient- 

Page  174. 

During  the  use  of  a pipeline  as  framework  foe  the 
tubing  of  saaller  diameter  (packing  - "tube  on  tube")  the 
flight/span  between  the  movable  supports  of  carrying  pipeline 
is  determined  with  consideration  coefficient  K,,  given  on 
the  graph  of  Fig.  10.5,  which  introduces  on  value 
flight/span,  obtained  from  formula  (10.9)  . 

The  maximum  flight/spans  between  movable  supports  on 
cirect/straight  section  for  pipelines  from  the  continuous 
tubes  with  any  thicknesses  of  wall  and  the  weight  of  tube 
can  be  determined  according  to  the  nomograms,  given  in  Fig, 
10.6  and  10.7. 

The  maximum  flight/spans  between  movable  supports  on 
direct/straight  sections  for  tubes  on  the  "assortment  of  the 
tubes  of  thermal  grid/networks"  with  above-grade  packing  are 

given  in  {able  10. 5* 


The  maximum  flight/spans  between  lovable  supports  for 
end  sections  of  pipelines,  sections,  which  adjoin  the 
rotation  or  the  gasket  compensators,  are  deterained  with 
consideration  the  coefficients,  given  in  chapter  3,  which 
are  introduced  on  the  value  of  the  flight/spans,  obtained 
froa  formula  (10.9). 


The  maxiaua  flight/span  between  lovable  supports  on  the 
permissible  sagging/deflection  for  the  direct/straight  section 
of  pipeline  are  deterained  from  the  foraulas  of  VNIIST  froho 
the  condition  of  the  maxima  sagging  of  pipeline  in 
flight/span  s^kc  = 0,02£>y (see  Fig-  10.8): 


where  d,  - the  internal  diaaeter  of  tube  in  a; 

x - distance  froa  lowest  aovable  support  to  section/cut 

with  aaxiaua  sagging/def  lection  in  a; 
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q - the  calculated  Weight  of  pipeline  in  cunning  order- 
/in  kG/a; 

Jt  - the  moment  of  the  inertia  of  the  cross  section 
of  tube  with  the  calculated  wall  thickness  of  tube  in  ca’i 


E 

the  nodulus 

of  elasticity 

of 

tube 

maximum 

temperature  of 

heat  carrier 

in 

g/cm 

at 


the 


i - the  gradient/draft  of  pipeline. 


Table  10.4.  Standard  velocity  heads  of  wind  for  the 
height/altitude  above  the  earth’s  surface  to  10  a (on  SHIP 
II-A.  11-62)  . 


ul 

Panning  c.CCP  no  npiciowe* 
hmio  2 r.uau  CHiifl  H-A.  11-62 

II  j III 

! V j V 

V II 

HopMSTlinilMn  CKOPOCTMOA  Ha- 
nop  oi  Tpa  a kcc.m1 

27 

23  ! 43 

! 

t* 

S3 

MU 

Note.  With  above-grade  pipe  laying  at  height/altitude 


from 

10  to  20  m. 

the 

tabular 

values 

of 

velocity  heads  of 

wind 

increase  on  3. 

5$ 

to  each 

aeter 

of 

height/a It itude 

ever 

10  a. 

Key: 

(1).  Areas  of 

the 

USSR  on 

appendix 

of  2 chapters 

SUP.  (2).  foraal  velocity  head  of  eiad  i*  kgf/e*« 
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Table  10.5.  Haxinua  flight/spans  between  aovable  supports 
in  ■ on  the  direct/straight  sections  of  pipelines  with 


above-grade  packing  (according  to  stress  analysis). 


(’) 

PaiMcpu  ipvd 

a mm 

K'  MUC1I03T  (>U  I!-  ApjJH 

AC  II. 1H  C3M< 

K"Mt1CHCailHti 

^yK«  xacwcat  ; 

ca.viiMK  sue 

1 lOf'4  HJ>M 

Mapaviorp.'ix 

ren.i  h-*chtc.im:  P..n« 

pa  f) 

K.'C  CM\  t 

H 9C 

*-100 

/«*150 

'Vac-*- 

f«2&) 

pn  *~i3. 

p.-O 

/=  WU 

pr«~t6- 

'•==325; 

f«*350 

pv«r?' 

i~  12.  j 

'W-*- 

|»|U0 

;=*100 

32  x 

_ 



3.1 

3 

2.5 

2.1 

_ 

38  X 2.5 

4.6 

4.5 

3.7 

3.2 

2,7 

2,5 







*>x  :.s 

5.2 

5.1 

4.2 

3.7 

3.2 

2.7 

_ 

_ 





57 X <.5 

6.7 

6.3 

5.2 

5,2 

4.1 

3.3 









:sx  3.5 

7,5 

7.3 

6,4 

5.8 

5 

4.4 







69  X 3.3 

8.7 

8 

7 

6.3 

5.4 

4.9 





_ 



I *X  4 

9.4 

8.7 

7.8 

7.1 

6,2 

5.6 

9.6 

9.1 

7.8 

7. » 

IHX  » 

10.5 

9.7 

8.7 

7.9 

7 

6.3 

10.8 

1".8 

8.5 

8.3 

151* X 4.5 

11.8 

10.9 

10.1 

9.2 

8 

7 

12.3 

11.7 

9.7 

9.4 

l9lX  5 

13 

12.3 

11.8 

10.9 

•J.s 

7.^ 

13.4 

13.1 

11.2 

!>-. 9 

21  'X  6 

14.6 

13.9 

13,1 

12.3 

10,7 

9.2 

17,4 

14.3 

12.3 

12.3 

273X  7 

16.4 

15.4 

15.7 

15.1 

13.6 

10,0 

17.4 

16.3 

15 

14.6 

325 X 8 

16.9 

17.3 

17.8 

17.1 

14. •» 

13.9 

19.6 

19.2 

17 

17 

377  x y 

20.7 

19.6 

19.1 

18.9 

17 

1 » 

21.5 

21.2 

18.5 

is. 3 

4.6  X 9 

— 

— 

— 

— 

19 

_ 

— 

— 

— 

— 

4-*X  U 

% 

“** 

15,4 

— 

— 

— 

— 

426  X 8 

19.6 

17,8 

18.4 

17.9 

_ 

21 

17.2 

19.5 

14.3 

i:4x  6 

19.9 

17,9 

19 

17.9 

— 

— 

21 .7 

16.5 

20.4 

17. « 

S.VX  6 

19.6 

17.9 

19.1 

18.3 

— 

— 

22 

13.) 

21.. ■ 

16.8 

&u  X r 

oo  _ H 

19.7 

21.7 

21.4 

— 

— 

24.6 

17 

38.6 

19.3 

720 x : 

2-2.5 

19.2 

22.3 

21.9 

— 



24.6 

13.4 

'25 

15.2 

«.'»x  8 

25 

20.4 

24.1 

22.5 

— 

— 

26.4 

14. 

25.7 

15.4  . 

920 X 9 

27 

29  1 

26.2 

24  3 

— 



23.9 

16.6 

07  7 

13.9 

1020x10 

28.6 

23.7 

28.2 

26.2 

■ *“* 

— 

31,1 

18.1 

30 

1 

Notes:  1.  Heavy  line  is  the  boundary/interface  between 

tubes  according  to  GOST  8732-58**  and  GOST  4015-58. 


2.  During  determination  of  aaxiaua  flight/spans  between 
supports,  it  is  accepted:  a)  modulus  of  resistance 
transverse  weld  - for  tubes  with  kg/cm*  and  t = 

425°C  internal  diameter  from  100  to  400  am  #|  * 0.9;  for 
reeainisg  tubes  * 0.7;  b)  coefficient  of  strength  of 


I 
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longitudinal  weld  # * 0-8;  c)  aark/brand  they  will  stop 
for  Seamless  pipes  with  PP,«-  * kg/cm*,  t = 425®C  - steel 
I 20;  for  seaaless  pipes  with  other  paraaeters  of  heat 

i carrier  - steel  10:  for  wrought  pipes  - St-  3. 

3-  In  present  table  are  given  saaller  of  maximum 
flight/spans,  obtained  froa  calculation  of  tubes  for  working 
and  cold  state  (for  steaa  lines) . 

Key:  (1).  Size/dimensions  of  tubes  DH  x s in  aa.  (2). 

Compensators  P-shaped  or  auto/self-compensation.  (3)  . 

Compensators  are  gasket-  («)  . Maximum  flight/spans  in  the 
paraaeters  of  the  heat  carrier:  Pa6  in  kg/ca*,  t in  ®C. 


Asa. 


- 
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between  movable  supports  /.««  on  direct/straight  section  for 
pipelines  from  seamless  continuous  tubes  fron  stress 
analysis. 

Example.  To  determine  the  value  of  maximum  flight/span  on 
the  direct/straight  section  of  pipeline  at  the  given  stress 
from  internal  pressure  ’BP  -s.<«  kgf/mm2#  the  modulus  of 
resistance  transverse  weld  kgf/mm2,  moment  of 

resistance  »,-m  cm3  and  to  equivalent  weight  load 
kG/m.  Connecting  in  series  points  1,  2,  3,  4,  5,  6,  we 

find  in  point  7 '.....e-iiJ  m- 

Key:  (1).  kgf/mm*.  (2).  kgf/mm*.  (3).  kG/m.  (4).  with. 
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between  movable  supports  on  direct/straight  section  for 

pipelines  from  welded  continuous  tubes  fron  stress  analysis. 

Key:  (1).  kgf/mm*.  (2).  kgf/mm*.  (3).  with.  (4).  kG/m. 

Page  177. 

During  the  determination  of  the  flight/span  between 
movable  supports  fros  formulas,  one  should,  being  given 
value  x,  determine  l>  and  *»•  The  flight/span  between 
movable  supports  according  to  the  permissible 
sagging/deflection  will  be  determined  at  such  value  of  x, 
by  which  /i  **/,. 

for  the  pipelines  of  thermal  grid/networks  with  the 
minimum  gradient/draft  i = 0.002,  for  determining  the 
flight/span  between  supports  from  the  permissible 
sagging/deflection,  it  is  possible  to  use  the  simpler 
approximation  formula 

* f EJf 

1-3.98  1/  r -1.4  m.  (10.17) 

V q 10* 

The  maximum  flight/spans  between  movable  supports, 
determined  by  the  permissible  sagging/deflection  for  tubes  on 
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the  "assortment  of  the  tubes  of  thermal  grid/networ ks"#  ace 
given  in  'Cable  10.6. 


With  packing  in  the  impassable  channels  of 

m 

large-diameter  tubes  the  value  of  flight/span  they  limit  by 
ultimate  (load  on  the  pillow  of  saddle.  With  the  above-3f*«-d^ 
fre%i&g  rof  different  diameters  on  piers  the  flight/span 
between  supports  they  limit  by  the  standardized  space  of 
standard  piers.  With  the  above-grade  tubing  of  different 
diameters  on  the  separate  supports  the  flight/span  is 
accepted  according  to  the  optimum  conditions  of  direct 
support  for  the  support  of  the  greatest  quantity  of  tubes 
without  the  device  of  additional  inner  bearings.  With 
packing  "tube  on  tube"  (or  with  the  suspension  of  "tube  to 
tube"),  the  flight/span  of  the  carried  tube  accepts  maltiple 
to  the  taken  flight/span  of  carrying  tube.  With  packing 
according  to  the  walls  of  buildings  the  flight/span  accepts 
multiple  to  the  space  of  carrying  columns  of  building. 


In  all  cases  the  taken  flight/span  between  movable 
supports  must  not  exceed  maximum  flight/span  in  stress 
analysis  and  for  the  permissible  sagging/deflection,  in  this 
case  the  permissible  bending  compensating  stress,  received 
the  taken  flight/span,  must  provide  the  necessary 


with 
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dimensions  of  compensators  and  length  of  the  sections  of 
auto/self- compensation. 


The  permissible  bending  compensating  stress,  which 
appears  during  the  compensation  for  thermal  elongations  by 
flexible  compensators  or  auto/self-compensation*  determines 
from  the  formulas: 


for  the  pipelines,  arrange/located  in  the  horizontal 

plane 


/ / -on  2 

= l kgf/mm* 

. . ’ (10. IS) 


for  the  pipelines,  arrange /located  in  the  vertical  plan 


for  - the  permissible  equivalent  stress  from  all 

loads,  which  effect  on  pipeline,  except  internal  pressure  ih 
kgf/mm*; 


longitudinal  stress  from  forces  of  friction  in 

sovabls  supports  in  kgf/ss*; 
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a,  - bending  stress  f roa  the  dead  weight  of  pipeline 
in  kgf/aa*; 


a(..-  bending  stress  fron  load  due  t0  wind  in  kgf/aa* 
(is  considered  with  above-grade  pipe  laying); 

+t  - the  aodulus  0f  resistance  transverse  weld,  are 
accepted  according  to  Table  10.2. 

Pet**-ssible  longitudinal  stress,  which  appears  during  the 
coapensation  for  theraal  elongations  by  gasket  coapensators, 
deteraines  froa  the  foraula 


= ®i  + «*.,kgf/aB*-  (10.20) 

In  forauias  (10.18)  and  (lO.igj  ate  not  taken  into 
account  longitudinal  stresses  froa  the  force  of  elastic 
deforaation  of  flexible  coapensators  or  sections  of 
auto/self- coapensation , since  the  value  of  these  stresses  is 
insignificant  and  does  not  affect  the  result  of  calculation 


Fig.  10.8.  Diagraa  of  sagging  of  pipeline  1 
support;  2 - pipeline. 


aovabls 
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Table  10.6.  Maximum  flight/spans  between  movable  supports  on 
direct/straight  sections  of  pipelines  with  above-grade  packing 
(according  to  calculation  for  sagging/deflection)  . 


('/ 

PaiMcpu 
rp>6  l^XS 

B MM 

<KCHMa.lbHUC  np  >.1€T»4  MC/K.1V  TKUBHxKIIMMH 

‘ o n • > p a m h 0 m npw  napoMiTpax  rcn.i  h>  chtcim 
^pa6  R KCC  CM’'  1 B 

io 

ts 

& 

<v 

<:S 

u 

a 

1 a 

1=125: 

P,  ..=21. 
r-ao 
;=J50 

s' 

il  *o 
1 

32X2.5 

. 2.1 

2 

2 

1,8 

3*X2.5 

3 

2.7 

2.5 

2.3 

2.3 

2,2 

45X2,5 

3.1 

:i,2 
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2.6 

2.5 

57X  .1.5 

4.4 

4.3 

3.8 

3.8 

3.6 

3.4 

>x:i.5 

5.3 

5.2 

4.9 

4.8 

1.6 

4.4 

89X3.5 

6.1 

5.0 

5,5 

5 

5 

UV*X« 

6.H 

6.3 

6,3 

6.2 

5,9 

5.7 

133X4 

H 

7.9 

7,5 

7.1 

6,9 

6.3 

159X1.5 

9.2 

9 

8.7 

H.3 

8 

7.8 

191X5 

10.6 

10,  4 

10.5 

10.2 

9.7 

9.4 

21 'X8 

11.9 

11.7 

11.9 

11.3 

11.1 

10.6 

273X7 

11.1 

14.2 

14.6 

14 

13,4 

n.3 

325  X* 

16.6 

16.2 

17.2 

16,7 

16 

15.5 

3t:x“ 

1.H.9 

1H.3 

49.4 

18.9 

18,3 

17,8 

426  X* 

— 

— 

20 

— 

426x11 

- 

— 

— 

" 

~ 

20 

426X6 

1*,2 

18 

20.1 

19,5 

471X0 

10. l 

Hi. 3 

21 ,9 

21 

— 

— 

526x6 

20.7 

20.5 

23.4 

>2,7 





MIX? 

23.5 

23.5 

27,4 

26.7 

— 

— 

720x  " 

25.5 

25.5 

• 0.3 

29.6 

— 

— 

b2l>X  4 

27,8 

27.7 

34.2 

33 

— . 

— 

MIX'1 

30.8 

■0.2 

3h,2 

36.9 

— 

1020X10 

33 

32.5 

42,1 

40,8 

— 

Notes: 


Heavy  line  is  the  boundary/interface  between 


tubes  according  to  GOST  8732-58  and  GOST  4015-58. 


0.002^  Key:  (1).  Size/dimensions  of  tubes  O^i  in 
Maximum  flight/spans  between  movable  supports 
parameters  of  heat  carrier  in  kg/ca*,  t 


pipeline  i * 

s»  in 

mm.  (2), 

in 

m in  the 

in 

®C. 
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Page  178. 

The  permissible  equivalent  stress  fro*  all  loads,  which 
effect  on  pipeline,  except  internal  pressure,  is  datermined 
from  the  formula 

kgf/mm*,  (10.2!) 


where 

*h  is 

the 

coefficient,  depending 

on  relationship/ratio 

Grip 

/) 

'’a  o 

and 

the 

type 

of  compensators;  they 

calculate  according 

to 

the 

formulas. 

given  in  'fable  10.7, 

or  they  determine 

according  to  the  curve/graph  of  Pig.  10.9. 


Permissible  longitudinal  stress,  which  appears  with 


gasket  compensators. 

is 

determined 

according 

to  those  who 

stretch  or 

according 

to 

compressive 

stresses; 

during 

calculation 

^n  formula 

according 

to 

compressive 

stresses 

the  coefficient 

(10.20) 

takes 

as  equal 

to  unity. 

As  allowable 

stress  they  accept  smaller  of  those  who  were  obtained  the 

calculation  fir  elongation  and  conpransioa. 
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Table  10„7.  Formulas  for  determining  the  coefficient 


(* 

CnocnO  k •unciic.iiiHM 

■ <* 

— rac'icTMue  tpopMy.iM 

~ BT 

IhQKMC  KO»tn«‘HC.lTOp'A  W.1H 

i / { Jnp  \* 

Vl/  2.1- f- (10.23) 

r \ 4 on  / 

Ca  1 t>H  H KO.J  \ HO  MT7<*MC  .1  TO 

nu.  Pac  n‘T  rpy^  r , pacrnrii- 
•ewmrf*  Hai:pw*tMfiiXM 

»j  - I . :5  (10.23) 

CaJibHMKOBii^  KoMnowcaro- 

pu.  PaCMVT  TJ)\  (i  no  CAIIMJM- 
IUMM  Hanpg^CHMUM 

r.-]/ J.i-0.73 

r Aon  / 

’np 

- ~T 002*) 

' AOJ1 

Key:  (1).  Method  of  compensation.  (2).  Calculation  formulas. 

(3).  Flexible  compensators  or  auto/self-compensation.  (4). 
Gasket  compensators.  Calculation  of  tubes  according  to 
tensile  stresses.  (5).  Gasket  compensators.  Calculation  of 

tubas  according  to  compressive  stresses. 
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Pig.  10.9.  Graph  for  determining  coefficient  ns  1 
flexible  compensators  or  auto/self-compensation;  2 - 

gasket  compensators  (calculation  according  to  tensile 
stresses) ; 3 - with  gasket  compensators  (calculation 

according  to  compressive  stresses);  ^ is  the  given 
from  internal  pressure  in  kgf/mm*;  ’*<*  is  allowable 

from  internal  pressure  in  kgf/sm2. 


with 

with 

stress 

stress 


Key:  (1).  coefficient 


DOC  = 78009411 


PAGE 


Table  10.8..  Permissible  compensating  stresses 

in  kg/mm2  for  the  calculation  of  n*shaped  compensators  with 


the  maximum  flight/spans  between  movable  supports. 


C>CT  «MMC 
tpyO  >np  n ia 

(V 

XapaKTepMcTHKk 

Tli)'6 

(V 

M apK  » *■  1 1 is 

■ riycaacuM*  K iwufNMM  hhij*  iia.'ipw -H0IIU8  up <3  mpiMcr;>ax  r.n  • -h-chto m 

/r*l  " ' “ *C 

7 ; *6  1 1 part  *l  ’’  • :=*'•  | 'W  1 

/-IO  | im\-> 0 | 0 | /»((*) 

''p.  \rP»e’-'- 

t as  .25  j r~  0 

& | 

CL 

to 

beCliK'BHMC 

10  9.5 

0.1 

'••1  7.3  6.6  6,1  — 

20  1 11.: 

It  .1 

S.i  } 7.7 

6.1:  7.6* 

, ( V • 

1>  PC  III  "UK  MO  M 

caapxuc 

Ct.  .1 

10.3 

.0 

x 

Xo,v>  ih<>c 

(rj 

BCCUI  BMMC 

10 

i 

•>.'3  | - j 

20  | 12..’ 

12,2;  15. 7* 

w 

Becui'  rmiwc  h 
coapxiue 

Ct.1 

10.8 

- 

- 

f 

Notes:  1.  The  permissible  compensating  stresses  are 


given  for  a section/cut  on  compensator  (without  taking  into 
account  of  forces  of  friction).  2.  Permissible  compensating 
stresses  are  determined  with  modulus  of  resistance  transverse 
weld  = 0-7,  and  for  values,  noted  by  chain  wheel,  wit  k 

*t  * 0.9. 


Key:  (1).  State  of  pipeline.  (2).  Characteristic  of  tubes. 

(3).  Trademark  of  steel.  ( 4).  Permissible  compensating 
stresses  in  the  parameters  of  the  heat  carrier:  in 

kg/ca*.  t in  ®C.  (5).  forking.  (6)  seamless.  (7).  Seaaless 
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5 3 1 

and  welded-  (8).  Seamless.  (9).  Cold.  (10).  Seamless  and 
welded. 


Page  179. 

For  the  concrete/specific/actual  value  of  coefficient  *, 
just  as  during  the  determination  of  the  flight/span  between 
movable  supports,  it  is  possible  to  predetermine,  with  »»hicK 

relationship/ratios  OnpAia « one  should  perform  calculation  for 

compression  and  with  which  for  elongation.  Thus,  for 

instance,  at  the  value  of  coefficient  = 0.7  in  tensile 

stresses  one  should  perform  Calculation  with 

relationship/ratios  from  0 to  0.65#  and  according  to 

compressive  stresses  when  <’np/'’a«o  fro*  0.65  to  1. 

The  permissible  compensating  stresses  for  the  calculation 
of  U-shaped  compensators  from  tubes  according  to  the 
"assortment  of  the  tubes  of  thermal  gr  id/networ  lcs"  (accordin$- 
to  GOST  8732-58*  and  GOST  4015-58)  are  given  in  table  10.8 

with  the  maximum  flight/spans  between  movable  supports, 
indicated  in  table  10.5,  but  in  table  10.9  ~ for  the 
averaged  conditions  of  the  calculation  of  pipelines  with  thfc 
flight/spans  between  movable  supports,  given  in  table  3.1. 
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Longitudinal  stress  from  forces  of  friction  in  movable 
supports  is  determined  from  the  formula 

p'»n 

°Tp  = -y-  hgf/mm*  <»••*> 

where  P®£  - force  of  friction,  in  movable  supports  in  kgf 
(see  Chapter  11)  ; 

/p  - the  cross-sectional  area  of  the  wall  of  tube 
with  the  calculated  wall  thickness  of  tube  *•'  in  mm2. 

Bending  stress  fron  the  dead  weight  of  pipeline  is 
determined  from  the  formula 


“”*Firr  kgf/nm2  (io.26) 

where  g is  calculated  weight  of  pipeline  in  kG/m; 

1 - the  distance  between  movable  supports  in  m; 

B - the  coefficient,  which  determines  supporting 

moments,  depending  on  the  arrangement  of  calculated 
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*5-33 


flight/span,  taken: 

for  a flight/span  on  direct/straight  section.  12; 

The  same,  between  the  nearest  to  rotation  supports 
(before  and  after  rotation).  5.31; 

The  save,  between  last/latter  and  penultimate  supports 
(before  and  after  rotation). 

(before  the  plug/silencer,  before  flexible  compensator  of 
rotation).  3; 

for  last/latter  two  flight/spans  from  each  side  of 
gasket  compensator.  8. 

Bending  stress  from  load  due  to  wind  with  above-grade 
pipe  laying  is  determined  from  the  formula 

<v.  = -j^"—  kgf/mm*  <io.27) 

«here  c is  an  aerodynamic  coefficient;  take  as  egual  to 
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q0  - standard  velocity  head  of  wind  in  kgf/m* ; is 
accepted  according  to  table  10.4; 

0^-  the  outside  diameter  of  a cover  layer  of 
insulation  construction  in  m. 

The  calculated  bending  compensating  stresses,  determined 
by  calculation  for  the  compensation  for  thermal  elongations 
with  flexible  compensators  and  during  the 

auto/self-compensation  for  pipelines#  must  be  not  the  more 
the  allowable  stresses#  received  from  formulas  (10.18)  and 
(10.19)#  and  they  must  satisfy  the  following  conditions: 

1)  during  calculation  for  auto/self-compensation  without 
cold  bracing  (calculation  for  working  order) 


«<!>•.»>  <m-28' 

2)  with  flexible  compensators  or  during 
auto/self-compensa tion  with  cold  bracing  (calculation  on  is 
working  or  to  the  cold  state) ; 

a)  during  calculation  for  working  order  (with  testing 

of  the  stresses  in  the  cold  state): 
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®S(P*.6»  < <K(p»«)  kgf/ma2 


(10.20) 


n 


k 

mpift' 


< n 


rt.K  V'O-lN 


\0.1 ) 


kgf/mn2 


(10.  SO) 


b)  during  calculation  for  cold  state  (with  tasting  of 
the  stresses  in  running  order) : 


®« **  ®it.K <w^  kgf/aa^  (lo.jij 


<(»«)  < <. 


■pjdi 


zililLJli-  o 

£(P'd>  *(pjd) 


kgf/aa2 


(10.32) 


where  and  are  the  calculated  bending  coapensating 

stresses  in  working  and  cold  condition,  received  froa 
calculation  for  the  compensation  for  thermal  elongations  in 
kgf/aa*; 

®V«(p.6>  r\  °h >(p,a)  ere  the  peraissible  bending  coapensating 
stresses  in  worker  and  cold  the  states  in  working  and  cold 
condition,  obtained  froa  stress  analysis,  in  kgf/aa*; 

00  «i  i 

£(p4)  e(i„0)  are  moduli  of  elasticity  of  tube  steel  in 


working  and  cold  condition  in  kg/cn> ; 
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«<„.«>  A - the  coefficients,  vhich  consider  the  effect  of 
the  preli ni nary  bracing  of  co.pensators,  possible  inaccnrac, 
in  Us  acco.plishlng  and  the  effect  of  relaratio.  of 
co.pens.tin,  stresses  in  eorkin,  and  cold  condition. 
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Table  10.9.  Permissible  compensating  stresses  in  kgf/nun* 

for  the  averaged  conditions  Qf  the  calculation  of  pipelines 


...m  paCHCTa  nottiirttcaTQpoi  » . octosnmc ; yjy  ;i.»m  p8c«M‘T‘>  ytacTKoa  ca«iuK'»MjieHC«JUHH  Ha  paflouee  « ctohjihc 


.1'ifj/CK  »• WUC  MtUMlCMH  HHUt?  U|H  flap  JMl  Tp  .JX  TCJI.T -II  ■ >C  i|  fo  i 4 /•  |<  KSCCU  t 1 J 

**•*•*'  j ''p.6  ,6* 

f aa.iljl)  J 

f\„6 

I-  M 

/«-  ..’5 

‘ V*',  ■■ 

t 

,,  n i 

P- - - ' | /'p«r, 

/>  w 

r.',  • 

H | U 

n. 

*lti 

b 

, i •_  i , 

' 7 i ‘ 

Key:  (1).  For  the  calculation  of  compensators  for  cold 

state.  (2).  For  the  calculation  of  the  sections  of 
auto/self-cospensation  for  working  order.  (3).  Permissible 
compensating  stresses  in  the  parameters  of  the  heat  carrier 

in  kg/cm*,  t in  ®C. 
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pages  180-181. 


Table  10.,  10.  Exanple  of  the 
(1-shaped  compensators  for  the 
lining. 
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Note. 

The  given  stress  from  internal  pressure  np  the  less 
allowable  stress  in  running  order:  3.83  kg/mm * < 7.7 

kgf/mn*,  the  consequently  assigned/prescribed  wall  thickness 
of  tube  s * 6 not  satisfies  the  conditions  of  the  stress 

analysis  of  tube. 

on  the  basis  of  the  obtained  the  calculation 
Permissible  compensating  stresses  in  running  order  >1,  tpi«,  — ? 
kgf/mm*  and  cold  state  n.«  kgf/mm*  select  allowable 

stresses  for  calculation  for  compensation  taking  into  account 
preliminary  bracing:  for  this  parameter  of  heat  carrier  the 
coefficient  • which  considers  effect  of  the  preliminary 
bracing  of  compensator  in  size/d imension  of  50o/o  of 
complete  thermal  elongation  and  relaxation  of  compensating 
stresses,  is  accepted  according  to  Table  10. 12 

•XOM-0'7' 

Prom  formula  (10.32)  we  will  obtain  the  permissible 

compensating  stress  for  calculation  for  compensation  in  the 
cold  state: 


->* 


...  (.».)  ...  (Ml  ,pu 


-M.5 


kgf/mm* 
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Key:  (1).  cell/ele«ent  is  calculation.  (2).  Unit  of 

measurement.  (3).  Calculation  formulas  and  designations.  (4). 
Results  of  calculation.  (5).  to  working  order.  (6) . to  cold 

state.  (7)  Heat  carrier  of  vapor:  pressure.  (8)  . kg/cm2.  , 

(9).  temperature.  (10).  Outside  diameter  of  tube.  (11)- 

nominal  *all  thickness  of  tube  according  to  GOST  8732~58* 
(12)  . Minus  deviation  with  respect  to  the  wall  thickness  of 
tube  according  to  GOST  8732-58^  (13).  Material  of  the  wall 
of  tube.  (13a).  Steel.  (14).  Modulus  of  elasticity  of 
steel.  (15).  modulus  of  resistance  -transverse  weld.  (16). 

Distance  from  fixed  support  to  the  axle/axis  of  U-shaped 
compensator.  (17).  Flight/span  between  movable  supports  on 
compensator.  (18).  Height  of  steam  line.  (19)  . kG/i«  (20). 

Standard  velocity  head  of  wind.  (21).  Aerodynamic 
coefficient.  (22)  . Outside  diameter  of  a cover  layer  of 

insulation  construction.  (23).  Coefficient  of  the  friction  of 
mobile  (sliding)  supports.  (24).  Calculated  wall  thickness  of 
tube.  (25).  Internal  diameter  of  tube  with.  (26).  Moment  of 
resistance  of  the  cross  section  of  tube  with.  (27)  . 

Cross-sectional  area  of  the  wall  of  tube  with.  (23). 
Allowable  stress  from  internal  pressure  on  Table  10.1.  (29) 

Given  stress  from  internal  pressure.  (30) . Determination  of 
the  maximum  flight/span  between  movable  supports.  (31).  Ratio 
of  the  given  stress  fron  internal  pressere  to  peraissible. 
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(32).  coefficient  for  deteraining  the  permissible  equivalent 
stress  froa  weight  and  loads  due  to  wind.  (33).  Permissible 
equivalent  stress  froa  weight  and  wind  loads.  (34). 
Relationship/ratio.  (35).  aa/kg/a.  (36).  Influence  coefficient 
of  load  due  to  wind  in  the  curve/graph  of  Pig.  10.4. 

(37).  Haxiaua  flight/span  between  aovable  supports  on 
direct/straight  section*  (38).  flaxiaua  flight/span  between  the 
nearest  to  rotation  supports  (on  com pensator) . (39).  Bending 


stress  froa  weight  load  when  l = 6 


(40)  . Bend  ing 


stress  froa  load  due  to  wind  when  l * 6a.  (41) 

Coefficient  for  deteraining  the  equivalent  stress  froa  all 
loads,  except  internal  pressure.  (42).  Peraissible  equivalent 
stress  froa  all  loads,  which  effect  on  pipeline,  except 
internal  pressure.  (43)  Peraissible  bending  coapensating 
str«ss  for  a section/cut  on  compensator* 


Page  182. 


Calculated  longitudinal  stress,  which  appears  luring  the 
compensation  for  thermal  elongations  by  gasket  compensators, 
determines  froa  the  formula 


VB'J  + 0^kgf/ne* 


(10.3.J) 
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where  o',"  is  stress  from  forces  of  friction  in  Movable 
supports  in  kgf/nrn*; 

«$p  - stress  from  forces  of  friction  in  gasket 
compensator  in  kgf/mm*. 

Stress  from  forces  of  friction  in  gasket  compensator  is 
determined  from  the  formula 

«Jp  = ~~  k g £/m  m * 0«  "*) 

where  pc  - force  of  friction  in  gasket  compensator  in  kgf 
(see  Chapter  11) . 

The  value  of  calculated  longitudinal  stress  must  satisfy 
the  condition 

<TP«<<TP«  kgf/mB*.  (10.35) 

An  example  the  stress  analysis  of  tubes  with 
above-grade  pipe  laying  with  U-shaped  compensators  is  given 

ia  fable  10.10. 
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10.2.  Methods  of  the  coapensat ion  for  the  thermal 
elongations  of  pipelines. 


The  thernal  elongations  of  pipelines  at  the  taaperature 
of  heat  carrier  froa  50°C  and  above  aust  be  absorbed  by 
the  special  coapensators,  which  prevent  pipeline  froa  the 
emergence  of  the  inadaissible  strains  and  stresses. 

U 

as  coapensators  are  applied  flexible  fP-  or  S-shaped) 
or  gasket  and  sorrugahed  coapensators.  The  rotations  of 
pipelines  on  the  route  of  theraal  grid/networks  as  a rule, 
are  utilized  for  auto/self-coapensation*  The  selection  of  the 
aethod  of  coapensation  depends  on  the  paraaeters  of  heat 
carriers,  aethod  of  the  packing  of  the  theraal  grid/network 
and  other  local  conditions. 

U 

Plexible  coapensators  and  s-shaped  are  applied  in 

above-grade  pipe  laying  for  all  diaaeters  of  tubes 
independent  of  the  paraaeters  of  heat  carrier;  at  a 
pressure  of  heat  carrier  to  16  kg/ca*  for  tubes  by 
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diaaeter  froa  25  to  200  aa  at  packing  in  channels,  tunnelr 

and  coaaon/general/total  collector/receptacles;  for  tubes  by 
diaaeter  froa  25  to  100  m at  channel-free  packing:  for 

the  tubes  of  all  diaaeters  at  the  pressure  of  heat  carrier 

above  16  kg/ca*  at  all  aethods  of  packing. 


Gasket  coapensators  in  thernal  grid/netvorks  are  applied 
steel  at  a pressure  of  heat  carrier  to  16  kg/ca*  in 

packing  in  channels,  tunnels  and  coaaon/general/total 
collector/.receptacles  - for  pipelines  by  diaaeter  250  aa  and 

aore,  but  with  channel-free  packing  - for  pipelines  by 
diaaeter  125  aa  and  aore.  Under  the  squeezed  conditions  of 

packing  in  channels,  it  is  possible  to  apply  gasket 

coapensators  for  pipelines  by  diaaeter  froa  100  an  and 

aore,  while  with  above-grade  packing  on  low  supports  for 

pipelines  by  diaaeter  froa  250  aa  and  aore. 

The  coapensation  for  the  theraal  elongations  of 
pipelines  because  of  the  use  of  rotations  of  route 
(auto/self-coapensation)  can  be  applied  with  all  aethods  of 
the  packing  of  theraal  grid/networks  independent  of  the 

diaaeters  of  pipelines  and  paraaeters  of  heat  carrier  at 

the  value  of  angle  to  150°.  With  the  value  of  the  angle 
■or*  than  150°,  and  also  ahea  accordiag  to 


of  it  1* 
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stress  analysis  rotation  of  pipelines  it  cannot  be  used  fov- 
auto/self-compensat ion,  pipelines  at  turning  point  fasten  with 
fixed  supports. 

Page  183. 

The  dimensions  of  flexible  compensators  and  reach  of 
pipeline  during  auto/self-compensation  calculate  for 
compensation.  Obtained  by  calculation  for  the  compensation 
for  reach  are  checked  against  the  lateral  thermal 
displacement  of  pipeline,  which  must  be  not  more  amount  of 
looseness  (taking  into  account  reserve  of  approximately  50 
mm)  between  the  external  surfaces  of  isolation/insulation  or 
between  the  structure  and  the  external  surface  of 
isolation/insulation.  Maximum  side  mixing  will  be  at  the 
turning  point  of  route. 


10.3.  Calculation  of  the  flat/plane  sections  of  pipelines 
for  the  compensation  for  thermal  elongations  with  flexible 
compensators  and  auto/self-compensations. 


During  the  calculation  of  tubea  for  the  compensation 
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for  thermal  elongations  with  flexible  P-  and  S_shaped 

compensators  or  the  sections  of  auto/self-compensation 
determine  such  dimensions  by  which  the  longitudinal  bending 
compensating  stresses,  which  appear  during  elastic  deformation 
of  tubes,  do  not  exceed  permissible. 

The  calculation  of  tubes  for  the  compensation  for 
thermal  elongations  produces  with  the  "method  of  forces",  i* 
this  case  one  of  the  fixed  supports  of  the  calculated 
section  of  the  pipeline,  included  between  two  fixed 
supports,  is  considered  unfastened.  To  the  unfastened  end  of 
the  pipeline*  apply  the  reaction  forceS  of  elastic 
deformation  and  the  bending  moments,  which  replace  the 
reject/thrown  support  (Fig-  10.10). 

During  the  calculation  of  tubes  for  the  compensation 
for  thermal  elongations,  are  accepted  the  following 

assumptions: 

a)  fixed  supports  are  considered  absolutely  rigid; 

•4 

b)  the  resista**ce  of  forces  of  friction  of  movable 

t 

supports  during  the  thermal  elongation  of  pipeline  is  not 

considered. 


" Jt'jr -iL  .yljP  jr\ 
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The  thermal  elongations  of  the  section  of  pipeline  in 
reference  direction  x and  y (Pig-  10.11)  are  determined 
from  the  formulas: 

A lx  — uA  / (tu  — xA  ) hm\  (10  6) 

A ly  — a\  t (f/u  — y % ) .«.« . (10.07) 

where  a - the  coefficient  of  linear  expansion  of  carbon 
tube  steels  in  mm/m  deg  (Table  10-11); 


At  - a calculated  difference  in  the  temperatures  in 
deg  between  the  maximum  temperature  of  heat  carrier  t and 
the  calculated  temperature  of  surrounding  air  for  the 
planning  of  heating  'h...: 


*b-.xa-  the  coordinate  of  the  ends  of  the  calculated 
section  of  pipeline  in  points  B and  A along  the  axis  x; 


vB.  y\  ~ also,  along  the  axis  y. 


Complete 
summation  of 
and  y: 


thermal  elongation  determines  by  the  geometric 
thermal  elongations  in  reference  direction  x 


Vr — * ~ 

A l'x  Al:.  MM  . 


(10  . i8  i 
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Poc  symmetrical  relative  to  y axis  of  the  sections  of 
pipelines  (for  example,  section  of  pipeline  with  0-shaped 
compensator)  theraal  elongation  in  the  direction  of  y axis 
takes  as  equal  to  zero:  complete  thermal  elongation 

in  this  case  is  determined  from  the  formula 

SI  = ± ix  = as  tL  hm,  (10.39) 

where  L is  a distance  between  fixed  supports  in  m. 


A 1 1 A 


rr 

?!  I 

1-1 1 


ye.  // 


Pig.  10.10.  Replacement  on  calculated  section  of  pipeline  A B 
of  fixed  support  A by  forces  and  torque/ioment. 

Pig.  10.11.  Thermal  elongations  of  section  of  pipeline  AB. 
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Table  10.11.  Modulus  of  elasticity  and  the 
linear  expansion  for  tube  steels  cf  brands 


>$t.  2,  5t.  3,  *t.  4. 


[ TeMjivpai  .» 

CTVHKH  TJ»  V 4 
h cpao  fjj 

vnpvr<  CTM 

U A M 

. h'il  ■ |>.i'  .H}U  HHM 

( / * '•  A*  “ ffltl'1 

2.1m  -10* 

l.lH  10~- 

1 -5 

l.i/y  io* 

1.2  10“  - 

loo 

1.0:5  i</ 

1.22  10— 2 

j 1*1 

1.  5 10" 

1.21  10—’ 

IW 

1,93  1 •/* 

1 25  U)“- 

!''> 

l.otr,  -it 

1.2710“' 

200 

1 ,•'*75  10“ 

1.2'  10“- 

225 

1.K37.10* 

1 . i 10—- 

250 

1,«2  •10“ 

1.  I JO-2 

2T5 

1.70  1’** 

1.  -J  10-  - 

3U> 

t,7.V»lu» 

l.’l  10  - 

325 

1,727  10* 

1.35  l'  -2 

3T0 

. l,6i>5  I*r 

I ,/i  10—- 

375 

1 ,Co5  10" 

1.37  10“ 2 

•400 

l.ti.1  11/ 

1 ,3*lO“2 

425 

1,00  •!(/ 

1,10  111-2 

coefficient  of 
10,  15,  20, 


Note. 

expansion 


Table  gives  the  average 
of  tube  steels  a during 


coefficient  of  the 
heating  fron  0 to 


linear 

t°C. 


Key:  (1).  Temperature 

Modulus  of  elasticity 

linear  expansion  a in 


of  the  wall 
E in  kg/cn*. 

an/a  deg- 


of  tube  in  deg- 
(3)  . Coefficient 


(2). 

of 
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& A calculated  difference  in  the  temperatures  is 
deterained  froa  the  foraula 

A/ o°C 

Each  obtained  formulas  (10.36)  and  (10.37)  sign 
Characterizes  the  direction  of  lovesent  of  the  unfastened 
end  A of  the  designed  section  of  pipeline.  Positive  sign 
corresponds  to  the  positive  direction  of  the  thermal 

elongation  of  the  left  unfastened  end  of  pipeline  A which 

accepts  opposite  to  positive  reference  direction  in  the 
reference  system  of  coordinates,  while  sign  "minus" 
corresponds  to  the  negative  direction  of  the  thermal 

elongation  of  the  unfastened  end  A which  accepts  opposite 

to  negative  reference  direction  (Pig.  10.12). 

For  decrease  in  the  bending  compensating  stress  in 
running  order  of  pipeline  for  the  sections  of  pipelines 
with  flexible  compensators,  is  produced  the  preliainary 
bracing  of  pipeline  in  cold  state  during  installation. 

The  preliainary  bracing  of  the  sections  of 
auto/self- compensation  is  provided  for  according  to  design 
considerations,  if  it  is  not  possible  to  increase  the 

losgtk  of  tk*  section  of  *tito/Mlf-conp*ns*tlon. 
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Preli Binary  bracing  is  produced  in  the  size/dimension: 


at  the  temperature  of  heat  carrier  to  400°C  inclusively 
to  SOo/o  from  the  complete  thermal  elongation  of  the 
compensated  for  section  of  pipeline; 

at  the  temperature  of  heat  carrier  higher  400°C  by 
lOOo/o  of  complete  thermal  elongation  of  the  compensated  for 
section  of  pipeline. 

During  for  compensation,  is  considered  not  complete,  but 
calculated  thermal  elongation. 

The  calculated  thermal  elongation  of  the  compensated  for 
section  of  pipeline  is  determined  with  consideration  the 
coefficient  t which  is  introduced  on  the  value  of  complete 
thermal  elongation.  Coefficient  * considers  value  of  the 
preliminary  bracing  of  compensators#  possible  inaccuracy  in 
the  calculation  and  relaxation  of  compensating  stresses. 

The  calculated  thermal  elongations  of  the  section  of 


pipeline  in  the  direction  of  x and  y 

from  the  for mm las: 


axes  are  determined 
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during  the  auto/3elf-coBpensation 

A x = eA  /,  .mm;  (10.41) 

\y  illy  mm\  (10.42) 

with  the  flexible  compensators 

= (10.43> 

The  values  of  coefficient  e are  given  in  Table  10.  1i 

During  the  determination  of  the  calculated  thermal 
elongation  of  the  section  of  pipeline  without  preliminary 

bracing  the  coefficient  t in  formulas  ( 10. 4 1)- (10. 42)  takes 

as  equal  to  one. 

The  forces  of  elastic  deformation,  which  appear  in 
pipeline  during  the  compensation  for  thermal  elongation,  are 
considered  in  the  form  of  two  comprising  directed  along  the 
axes  x and  y and  determine  from  the  formulas: 

•Pm  - —x'r  + A £/  I0-?  kgf  (10.44) 

( xq  * yn  ~ ( xyO 


Py  = A y'r  +L'Jnn-  ei  io-'  kgf  (lo  w, 

^ Ml  Aaafl 


V — 

/ / — /2  ' 

'jtf'yO  *My*) 

where  I 

is 

the 

moment  of 

the  inertia  of  the  cross  section 

of  the 

•all 

of 

tube  with 

nominal  thickness  of  the  wall  rrf 

taka  in 

cm* ; 

. -4 a. 


' * 


i 


/ 
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E - the  modulus  of  elasticity  of  tube  steel  in  kg/ce3, 
(see  Table  10.11)  ; 

'x»>  /,#  the  central  moments  of  the  inertia  of  the 
reduced  length  of  the  centerline  of  pipeline  in  m3; 

lMyt  - the  central  product  of  inertia  of  the  reduced 
length  of  the  centerline  of  pipeline  in  m3. 

As  the  positive  direction  of  forces,  is  accepted  the 
direction,  which  coincides  with  positive  reference  direction, 
as  negative  - the  direction,  which  coincides  with  negative 
reference  direction. 

Resultant  force  of  elastic  deformation,  they  determine 
from  the  formula 


p = yrpi  + P]  kgf  (10.46) 

the  bending  moment  from  the  forces  of  elastic 
deformation  in  any  section/cut  of  the  section  of  pipeline 
determines  from  the  formula 


- 


r 
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where  x,  y - 
section  of 
coordinates 

Xf  Vo 

gravity  of 


PAGE 


M =(y  -yj  Pt-ix-xjPy  kgcn  (io.t7) 

are  coordinates  of  the  section/cut  of  the 
pipeline  in  question  in  the  reference  systen  of 
in  ■ ; 

the  coordinate  of  the  elastic  center  of 

the  designed  section  of  pipeline  in  a. 
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Pig.  10.12.  Exaaples  of  deterninat ion  of  sign  of  thernal 
elongation  of  section  of  pipeline 

a)  1 /^  " •*<  ( Mu  ~ XA  ) ‘ - 10)  = - 7»i/, 

w - •*'  ( ~ (-»-(+  r.)|  - - i:tu/. 

* ««  (‘u~*A)~  l,s  - <-  “>l  * 

1/ •»  «i I ( vfl  — y ^ j =.  .1/  (0  — 6)  =.  — Oil/ 


Table  10.  12.  Coefficient  * 


Trvmp.i  pa  r«  n- 

j*h'  Mtr.i* 

• tpaJ 

W 

Up*  i a • pH* 

Tc.ii.Naa  j»ac* 

rwAK.I  K-M- 

neHcaTopa  a **. 

Mi*  V/IH'.O 

O CT“>HMV 

So.. 

eTa  T ilv U 

Ha 

CMCTowHur 

'part 

t -*) 

0.5 

sn</<ioo 

50 

o.*> 

0.5 

3xi  / ion 

0.7 

/>«*) 

10<) 

' 

O.W 

Key:  (1).  naxiaun  temperature  of  beat  carrier  in  deg.  (2). 

Preliainary  bracing  of  ccapensator  in  o/o.  (3).  For  the 
calculation  of  tubes.  (4).  to  cold  state.  (5).  to  working 

order. 
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The  obtained  from  foreala  (1O.47)  sign  of  torq ue/soaent 


characterises  its  direction 

. Positive  sign  corresponds 

1 0 

posit ive 

direction  of 

the 

bending 

aoaents,  as  which 

is 

accepted 

the  direction 

of 

rotation 

froa  the  positive 

coordinate  X-axis  to 

the 

positive 

coordinate  X-axis  to  the 

positi  ve 

coordinate  y 

axis 

; sign 

"ainus"  corresponds 

to 

negat  ive 

direction  of 

the 

bending 

aoaents,  as  which 

is 

accepted 

the  direction 

of 

rotation 

froa  the  positive 

y axis 

to  the 

positive  X-axis. 

The  section/cut  of  tube  with  the  aaxiaua  bending  aoaent 
can  be  deterained  either  analytically  by  foraula  (10.47)  by 
the  conparison  of  the  values  of  torgue/aoaents  for  the 
different  section/cuts  of  section  of  pipeline,  or  graphically 
by  the  construction  of  the  diagraa/curve  of  the  bending 
aoaents  (Fig.  10.13).  For  this,  the  forces  of  elastic 
deforaation  P,  and  p,  are  placed  in  the  elastic  center  of 
gravity  to  scale  of  forces  talcing  into  account  the  obtained 
the  calculation  signs.  By  the  construction  of  the 
parallelograa  of  forces  are  deterained  value  and  the 
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direction  of  resultant  force  of  elastic  deformation  P.  The 


force 

line  of  P can 

be  examined 

as 

moment  diagram. 

I n 

this 

case  the  bending 

moment  in 

any 

section/cut  of 

pipeline 

with 

coordinates  x,  y 

determine 

f rcm 

the  formula 

M=Ph,y  kgc*  (10. 4S> 


where  hxy  is  the 

perpendicular. 

omitted 

from 

the 

section/cut 

of 

pipeline  with 

coordinates  x. 

y to 

the 

force 

line  a>fP  4 

in 

a. 

The  maximum 

bending  moment 

will  be 

in 

the 

section/cut 

for 

which  Value  h 

* Am.^kC' 

AIm»kc  = PAhikc  k9CB  (10. 49) 

during  the  use  cf  a graphic  method  after  the 
determination  of  section/cut  with  maximum  torque/moaant  the 
value  of  maximum  torque/moment  for  the  obtained  section/cut 
is  recommended  the  determining  of  from  formula  (10.47). 

The  bending  compensating  stresses  on  the  direct /straight 
sections  of  pipelines  in  welded  and  sharply  bent 

brmncb/removalm  determine  from  the  formula 
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M 

IT 


kgf/rnm2 


(10.  .7)) 


where  W 

- the 

moment 

of  resistance  of 

the 

cross 

section 

of  the 

wall  of 

tube 

with  the  nominal 

wall 

thickness  of 

tube  in 

cm3. 

The 

bending 

compensating  stresses  in 

the 

bent 

smooth 

branch/removals  are  determined  fro*  the  formula 

Al'n 

aH“  ^ kgf/mm*  (io. ji> 

where  ■ is  a coefficient  of  the  concentration  of  the 
longitudinal  bending  stresses  in  branch/removals. 

The  values  of  the  bending  compensating  stresses, 
obtained  from  formulas  (10.50)  and  (10.51)#  must  not  exceed 
the  permissible  bending  compensating  stress#  received  from 
stress  analysis. 

Slenderness  ratio  for  the  bent  smooth  branch/removals  is 
determined  from  the  following  formulas: 
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with  h < 1 - by  the  formula  of  Clark  and  ReUtier 

. 1 .65 

* h • (10.52, 

where  h is  a geometric  characteristic  of  the  flexibility  of 
tube; 

with  h > 1 - by  the  formula  of  the  pocket 

10  4-  1 2A* 


The  geometric  characteristic  of  the  flexibility  of  tube 


is  determined 

from 

the  formula 

'I’p 

(10.54) 

where  s is  a 

nominal  wall  thickness  of  tube 

in  mm; 

rcn  ~ the 

mean 

radius  of  tube  in  mm; 

B are  a 

radius 

of  the  axle/axis  of  the 

bent  tube  or 

a conditional 

radius 

of  welded  branch/reaoval 

in  mm . 

The  mean 

radius 

of  tube  is  determined  from  the  formula 

Dn  5 

r'P  = 2 MM  ■ 

<10  5.1) 

*h«  value  of  coefficient  k can  b«  determined  by  the 
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curve/graph  of  Fig-  10. 14. 

The  coefficient  of  the  concentration  of  the  longitudinal 
bending  of  compensat ional  stresses  for  the  bent  smooth 
branch/removals  is  deterained  from  the  formula 

0.9 

(10.56) 

or  on  the  curva/graph  of  Fig.  10.14  consider  only  at 

values  of  a of  large  unity  (with  h < 0.85). 

The  characteristic  of  the  bent  smooth  branch/ce nova  1 for 
tubes  on  the  "assortment  of  the  tubes  of  thermal 
grid/networks"  is  given  in  Table  10.13. 

The  central  and  central  products  of  inertia  of  the 
reduced  length  of  the  centerline  of  pipeline  are  determined 
according  to  the  method  of  the  "elastic  center  of  gravity" 

relative  to  the  axle/axes,  passing  through  the  elastic 
center  of  gravity  of  the  designed  section  of  pipeline. 

For  calculation  they  trace  to  scale  the  diagram  of  the 
section  of  pipeline  on  centerline,  the  section  of  pipeline 
divide/mark  off  into  separate  direct/straight  and  arc 

csttisgs  off  (branches)  will  be  applied  the 


centers  of 
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gravity  of  separate  direct/straight  and  arc  cuts 
select  and  „ill  apply  to  diagram  the  reference 
coordinates.. 


they 
sy s tea 
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Fig.  10.13.  Diagraa/curve  of  bending  aoaents  of  L-shaped 

section  of  pipeline. 

Page  186. 

The  origin  of  coordinates  selects  in  such  a way  that  the 
coordinate  axes  would  be  passed  through  the  centers  of 
gravity  of  the  larger  possible  nuaber  of  cuts,  and  for  th£ 

sYaaetrical  sections  of  pipeline  of  one  of  the  coordinate 

axes,  would  be  the  axis  of  the  syaaetry  of  section.  The 
coordinate  axis  one  should  select  parallel  or  coinciding 
"ith  basic  linear  segaents  of  figure. 

Positive  reference  direction  is  selected  so  that  the 

large  part  of  the  section  of  pipeline  would  be  furnished 
in  positive  fourth.  Exaaples  of  the  selection  of  the 
coordinate  axes  of  line  in  Fig.  10.15. 

For  deteraining  the  central  and  central  products  of 

ieertia  of  the  section  of  pipeline  relative  to  the 


' 
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axle/axes,  passing  through  the  elastic  center  of  gravity. 


first  of 

all  calculate 

the 

noaents 

of 

inertia 

and 

the 

products 

of  inertia 

of 

the 

section 

of 

pipeline 

of 

the 

relatively 

reference 

systen 

of  coordinates,  and 

t hen 

correct 

for  the  translation  of  axes  to  the  elastic  center  of 

gravity. 


i 
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Pig-  10.14.  Graph  for  deteraiaiag  slenderness  ratio 
branch /res oval  k and  of  coefficient  of  concentration 

longitudinal  bending  stresses  i«  braach/renovala  a. 
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Key:  (1).  Valuesof  k and  a.  (2).  Geometric  characteristic  of 

flexibility  of  branch  h. 


P«age  187. 

The  moments  of  the  inertia  of  the  section  of  the 

pipeline  of  the  relatively  reference  system  of  coordinates 

are  determined  from  the  formulas: 

lx  = X/;  -f-  SSX  yc  = XI  x + X tllp  y:c»\  (10. 37). 

Iy  Xl'y  + XSyxc=  v/'  +I/(ipA-?jv*1  (1«  J8> 

where  £/,  and  r/'  - the  sum  of  the  intrinsic  moments  of 

the  inertia  of  cuts  of  m5; 

s,  and  - the  static  moments  of  inertia  of  a2; 

inv  - the  reduced  length  of  the  centerline  of  the  cut 
of  pipeline  a; 

x,.  v<  - the  coordinate  of  the  centers  of  gravity  of  the 
cuts  of  pipelines  of  the  reference  system  of  coordinates  om 


The  product  of  iaortiu  of  th«  section  of  the  pipeline 
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of  the  relatively  reference  system  of  coordinates  is 
determined  from  the  formula 

!.y  - 2/;y  ± S-S'y  yc  - s/;y  ± - 1,,,,  xe  yc  «» . <10  K» 


where  v/‘  is  a sun  of  its  own  products  of  inertia 

** 


Fig.  10.15.  Examples  of  selection  of  coordinate  axes 

different  calculated  sections  of  pipelines. 

r 

I0-'7- 

Fig.  10.16.  Position  of  linear  segment  relative  to 

axle/axes,  passing  through  its  own  center  of  gravity 


of  cuts 


for 


Fig.  10.17.  Position  of  arc  cut  relative  to 
passing  through  its  own  center  of  gravity. 


axle/a  xes, 
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Key:  (1).  The  internal  diaaeter  in  na.  (2).  Outside 

diaaeter  h aa.  (3).  Thickness  of  wall  (is  noainal) 

in  aa.  (4).  Radius  of  arle/axis  R in  aa.  (5).  The  aean 

radius  in  aa.  (6).  Geoaetric  characteristic  of 

flexibility.  (7).  Slenderness  ratio  k.  (8).  Coefficient  of 
the  concentration  of  the  longitudinal  bending  coapensating 
stresses  a. 


Page  188. 


Their 

own  and  their 

own 

products  of  inertia 

of  cuts 

relative  to 

aXle/axes  x* 

and 

passing  through 

their  own 

centers  of 

gravity  of  cuts 

(Fig. 

10J6  and  10.17) 

, parallel 

and  equally 

directed  to 

the 

t aken 

reference  axes 

of 

coordinates,  are  deternined  froa  the  foraulas: 

»ln*B 

(10.60) 

for  linear  segaents: 


coj*  B 

y “ ~12  '*  “ c"1'  *v 

sin  pc  os  B 


(10  61) 
(10  62) 


Cor  arc  cat* 
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'*  = cxi  ft/?1  (10  6.)) 

/y  =cy,*/v’3j<*;  (10  6)) 

7xy  * ± fxyl  •<*.  (10.63) 

where  is  angle  of  the  slope  of  linear  segment  to 

axle/azis  x*  in  deg. 

Coefficients  for  the  computation  of  their  o*n  and  thei*' 
own  products  of  inertia  of  cuts  relative  to  axle/a xes  *' 
and  y'.c,.  e,,  cxi,  tyl,  «xy  and  e*n  are  given  in  table  10.14  and 
10.15.' 

Table  10.14.  Coefficients  for  the  calculation  of  linear 
segments. 


Key:  (1).  Angle  of  the  slope  of  linear  segment  to 

axle/axis.  (2).  Coefficients  for  computation.  (3).  rhe 
intrinsic  moments  of  inertia.  (4) . its  own  products  of 

iacrtim. 
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Table  10.15.  Coefficients  for  the  calculation  of  arc  cuts. 


y'roji 

h) 

7S7" 

Koi.p ; 

MlllieHTtw 

MIJ  MM 

- 1 

ev 

.% 

i2 

(4 1 

V 

2.7 
i ‘-i 

c - _ 

XT' 

HTK.IOMJ 
lOp  114  IV- 

roboro 

OTf  e •*  1 

* ocn  x ' 

p^r.  TOUHM* 

or  iu  MTp.i 

t*a< < Tn 

30  iieMTp  i 

"U 

cv 

npune  sen- 

MOM  A.1MOU 

pscr 

A 

TOHl'Hft  OT  KOHI10H  JVfOBOro  O T J (•  ( K a 
n B AO  ucHTp  i n#*1  . m anioikjio 
OIpCiKI 

(V 

C06rTb**MMux  uouch * 
TOM  MHepIlHM 

i- 

&I  1 

• 

fnp 

ca 

1 

cb 

1 

cr 

1 

e,i 

c,\ 

1 

cy\ 

r*y> 

0.  1*0 

Q.'W 

1 

0.023 

1 

0.259 

I 

0.259 

0.012 

1 

0 

0 

ISO 

SC 

15  165 

0.989 

0.524 

O.o  9 

1 

0 <*45 

1 

0.214 

1 

0.256 

0.011 

1 

0.001 

n.iim 

.80:  150 

0.1 19 

1 

0.I0O 

1 

0 1 

1 

0.227 

o.uco 

1 

0.003 

O.fMlIS 

45.  IV* 

0.194 

I 

0.1<  6 

I 

. 0.11)6 

1 

0.V-8 

0.016 

I 

0.00) 

O.l>0 

0:  l‘0 

IS! 

H 

WM 

D 

0.“81 

1 

0.181  j 

0.029 

1 

0 

0 

135 

45 

15:  IC5 

0.TS5 

s 

11 

wm 

n 

m 

0.181  | 

II 

0.003 

o.oi 

30:  150 

0.235 

l 

0.N9 

i 

0,307 

i 

0.029 

1 

0,010 

0.017  i 

«:  l.’S 

0..3O5 

l 

0.235 

| 

0.-85 

i 

0.305 

0.02 

1 

0.020 

0.019 

0:  i-o 

0.089 

1 

O.ifli 

1 

0.5 

i 

0.5 

0.0*.l 

1 

O.Of/2 

0 

iao 

60 

15  l<5 

0.955 

1.047 

0.215 

I 

0.IM3 

I 

0.45.9 

i 

0,507 

o.»<5 

1 

o.noi 

0,022 

30  150 

0.327 

1 

0.179 

1 

0.39 

Hi 

1 

0.010 

1 

0.021 

0.0* 

4 : 135 

0.417 

l 

0.2*'1 

1 

0.2'  1 

II 

QQI 

0.0(6 

I 

0.046 

0.044 

|| 

0.  1-0 

0.137 

1 

0,137 

1 

0.60*1 

l 

0.609 

0.172 

1 

0.905 

0 

75 

15:  H4 

0,93 

I .309 

0.289 

i 

0.028 

1 

0.5  ,3 

1 

0.61.3  | 

0.16 

1 

0.016 

0.042 

30:  150 

0.122 

I 

0,186 

1 

0.4  79 

l 

0.58  > 

0.13 

1 

0.017 

0.ii72 

■I 

45  195 

0.528 

l 

0..834 

1 

0,8.94 

i 

0.528 

0.088 

1 

1 

0.0"* 

O.oHj 

0:  1^0 

| 

0.193 

l 

0.1-  3 

1 

0.0' 

1 

0.707 

0.2)1 

1 

0.012 

0 

90 

90 

15  1*5 

B 

1 .571 

0.  61 

l 

o.mi 

1 

0.M2 

II 

rrm 

0.267 

1 

o.o.il 

0.06* 

30;  ISO 

0.521 

l 

0.1*7 

1 

0.53 

m 

mm 

0.217 

1 

0.<*0 

MM 

45  135 

1 

0,830 

1 

0.384 

1 

0.361 

i 

0.636 

0.119 

1 

0.149 

0.117  | 

Key:  (1).  Angle.  (2).  Coefficients  for  computation.  (3).  the 


rotation  of  route.  (4).  arc  cut.  (5).  the  slope/inclination 


of  the  chord  of  arc  cut  to  axle/axis.  (6)  . distance  from 


the  center 

of  gravity  to 

center 

of 

curvature. 

(7).  given 

length.  (8) 

. distances  froa  the 

ends 

of  the 

arc  cut  A and 

B to  the 

center  gravity 

of  Bcc 

cut 

• 

& 

• 

* 

© 

the  intrinsic 

HMtl  Of 

inert  ia.  (10). 

natural 

products  of 

inert  in. 
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Page  189. 

Their  own  axle/axes  of  the  arc  and  direct  cuts  x*  and 
y*  oust  be  equally  directed  and  are  parallel  to  coordinate 
axes.  The  intrinsic  aonents  of  inertia  i,  and  t,~  are 

always  positive. 

For  deteraining  the  sign  of  their  own  product  of 
inertia  of  direct  or  arc  cut  (Fig-  10.18)  one  should 
through  the  origin  of  coordinates  "0"  conduct  the  iaaginary 
line.  Parallel  line  cut  or  the  chard  of  arc  cut. 

If  the  iaaginary  line  traverses  fourths  with  identical 
signs  * its  own  product  of  inertia  will  be  positive,  if 
through  fourths  with  different  signs  - negative. 

The  intrinsic  aoaent  of  the  inertia  of  linear  segnent 
of  the  relatively  its  own  axle/axis,  parallel  to  initial 

coordinate  axis,  is  equal  to  xero. 
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1 

! 


Its  own  product  of  inertia  of  linear  segment#  parallel 


to 

one  o f 

the 

coordinate  axes,  or  the  arc 

cut 

whose 

chot  (| 

is 

parallel 

to 

one  of  the  coordinate  axes. 

is 

equal 

to 

zero. 

The  static  moments  of  inertia  of  cuts  are  determined 
from  the  formulas: 

J,-±W  »*»*i  <loa6) 

S0  — ± lm?  *t  ■ (10.67) 

The  sign  of  the  static  moment  of  inertia  determines  by 
the  sign  of  the  coordinates  of  the  center  of  gravity  of 
cut. 

The  reduced  length  of  the  centerline  of  the  cut  of 
pipeline  is  determined  from  the  formulas: 

for  linear  segments 

!.,-/«  (I0M) 

for  the  arc  cats 

lt9--£*jk*-cm9kR  M.  (10  60) 

where  I—  Is  geometric  length  of  cet  into  ■; 
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^7/ 


0 - the  angle  of  arc  cut  in  deg; 

is  a coefficient  for  the  conputation  of  the  length 
of  arc  cut  (table  10.  15)  ; 

R - a radius  of  the  axle/axis  of  the  bent  tube  or 
conditional  radius  of  welded  branch/remo^al  in  ■. 

In  such  a case,  when  the  calculated  section  of 
pipeline  consists  of  cuts  with  the  different  rigidity  of 
tube  (different  diameters,  the  thicknesses  of  walls,  the 
quality  of  material) , the  identical  rigidity  of  the  larger 
nuiber  of  cuts  are  accepted  as  the  calculated  tl.  a reduced 
length  of  the  regaining  cuts,  which  have  another  rigidity W' 
determine  from  the  formulas: 


for  linear  segments 


W-*  gr  * 


(10.10) 


for  the  arc  cats 

. (10.71) 

During  coordinate  determination  of  the  centers  of 
gravity  of  cuts,  one  should  consider  that  the  center  of 
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gravity  of  linear  segment  is  located  in  the  middle  of 
linear  segment,  and  the  center  of  gravity  of  arc  cut  - ©** 
bisector  of  the  angle,  tightened  by  arc,  at  a distance 
from  the  center  of  arc  0,  equal  to  vH  (see  Fig.  10.  17)  . 

Distance  from  the  center  of  gravity  of  arc  O'  to 

center  of  curvature  0 according  to  bisector  is  determined 
froa  the  formula 

Distances  of  the  center  of  gravity  of  arc  O'  are 
determined  froa  the  formulas: 

• •«ap  + 

+ ^v  — cos  j coi  pj  K — cji  jh  ( I0.73» 

* * [*,n'2>  *•*  P — 

— ^v  — cos  cospj  /?  — «*/?  m (10.74) 

u-*-  cosP- 

— .^v  — cos-S-Jsln  pj  #«•«,/?  Mi  (10.75) 

4 cos  p + 

♦ (v-cos-J-jslapj*-***  m.  <10  AM 


The  values  of  Coefficients  v,  * j ace  given 

ia  table  10.15. 
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The  central  and  central  products  of  inertia  of  section 
relative  to  the  axle/axes,  passing  through  the  elastic 
center  of  gravity  of  the  centerline  of  section  with 
coordinates  xQ  and  y0#  are  determined  from  the  foraulas: 

* (»07» 

/jh  ■ /|| ^ (10.79) 


xhete  L •»  L*p  4*  t**  *o  Vo  — 1 corrections  for  the  transfer 

of  coordinate  axes  froa  the  initial  origin  of  coordinates 
to  the  elastic  center  of  gravity  in  a3; 


Lm—  the  reduced  length  of  the  centetiine  of  the 

* 

section  of  pipeline  in  a; 

c 

*o*  7o  “ the  coordinate  of  the  elastic  center  of 

gravity  of  the  relatively  selected  systea  in  a. 


tOji.  /itca  tru. 


DOC  = 78009412 


PAGE 


Kef:  (1).  Cell/eleaent  of  calculation.  (2).  Unit  of 

measurement.  (3).  Calculation  formulas  and  designations.  (4). 

Desalts  of  calculation.  (5)  . Maximum  temperature  of  heat 

carrier.  (6).  dag.  (7).  The  internal  diameter.  (8).  mm. 

(9).  outside  diameter  of  tube.,  (10).  Nominal  wall  thickness 

of  tube.  (11).  the  material  of  the  wall  of  tube.  (12). 

Steel  of  mark/brand.  (13).  Distance  between  fixed  supports. 

(14).  The  calculated  temperature  of  surrounding  air  for  the 

planning  of  heating.  (15).  Plights  of  compensator.  (16). 

Back  of  compensator.  (17).  Other  geometric  diaensions  of 

compensator.  (19).  Tube  bore.  (19).  (foment  of  the  inertia 


of 

the  transverse 

section/cut  of 

the 

wall  of 

tube. 

(2  0) 

CB  ♦. 

(21)  . Moment 

of  resistance 

of 

the 

cross 

secti on 

of 

the 

wall  of  tube. 

( 22)  . Radius 

of 

the 

axle/axis  of 

the 

bent  tube.  (23).  The  mean  radius  of  tube.  (24).  Geometric 
characteristic  of  the  flexibility  of  the  bent  smooth 

ratio  of  the  bent  smooth 
of  the  concentration  of  the 
stresses  in  the  bent  snooth 


branch/removal.  (25).  Slenderness 

branch/reeoval.  (26).  Coefficient 
loagitediaal  bending  compensating 
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page  191. 


Continuation  table  10.16. 


Key:  (27).  Angla  of  arc  cut.  (28).  Angle  of  the  slope  of 

the  chord  of  arc  cut  to  axle/axis  x*  for  and  (29) 

The  sane,  for  'ty  and  £ (30).  Coefficients  for  the 

computation  of  distances  from  the  ends  of  the  cut  to  the 
center  of  gravity  of  arc  cut.  (31).  Distances  froi  the 

ends  of  the  arc  cut  to  the  center  of  gravity  of  arc  cut. 
(32).  Coefficient  for  the  computation  of  the  reduced  length 
of  arc  cut.  (33).  The  reduced  length  of  arc  cut 
(34).  The  central  nonents  of  the  inertia  of  section 


relative  to  axle/axes  x0,  y0. 

(35).  Central 

prod  uct 

of 

inertia  relative  to 

axle/axes 

*o»  Ya • (36). 

dodulus 

of 

elasticity  of  tube 

steel  10 

at  temperature 

of  t * 

300 

(37).  kgf/cmJ.  (38).  The  coefficient  of  the  linear  expansio 


of  tubes 

ache 

steel 

at 

temperature  of  t = 

300 

C.  (39). 

nm/n  »deg. 

(40)  . 

Calculated 

1 thermal  elongation 

of 

end  A Of 

the  pipeline: 

along 

the 

axis  x.  (41 ) . The 

sane. 

along  the 

axis  y. 

(42). 

f orce 

of 

elastic  deformation 

along 

the  axis 

x.  (43).  kgf.  (44).  Resultant  force  of  elastic  defornation. 
(45).  Bending  nonent  at  point  C. 
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continuation  table  10. 16. 


Saaaaor  aat.tr a /TV 
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u 

Notes.  1 calculation  is  sade  on  the  assumptions  that 

the  end  of  pipeline  A is  unfastened. 


2.  Sign  "minus"  at  bending  nonent  at  point  C shows 
only  direction  of  this  torque/momen t and  during  deterninatic 
of  stresses  it  is  not  considered. 

3.  Obtained  calculation  for  cospensation  maximum  each 
compensating  stress  sust  not  be  sore  than  permissible 
compensating  stress,  determined  by  stress  analysis. 

Key:  (46).  Bending  aoaent  at  point  D.  (47).  Maximum 

longitudinal  bending  compensating  stress  at  point  D. 
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Pag©  192. 

The  reduced  length  of  the  centerline  of  the  section  ®f 
pipeline  is  determined  froe  the  forsula 

<n.») 

The  coordinates  of  the  elastic  center  of  gravity  of 
the  relatively  selected  system  are  determined  from  the 
formulas: 


IS. 

'•  — — . 1 M, 

(10  81) 

IS, 

t,  — — M. 

(10  82) 

Central  product  of  inertia  for  the  figures  of 

symmetrical  relative  to  one  of  the  coordinate  axes  is  equa/ 

to  zero. 

Employing  aforementioned  procedure  is  made  an  example  o^ 
calculation  for  the  compensation  for  the  thermal  elongations 
of  table  10. 16-10.18  for  the  section  of  the  pipeline  vhose 

diagram  is  gleam  in  Pig.  10.19. 


I 
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page  193.  Table  10.17.  Deter ruination  of 
own  products  of  inertia. 


its  own  and  its 
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Key:  (1).  Cuts.  (2).  Geometric  length  of  cuts  £ 


or 


radius  of 

the 

a xle/axis 

of  br anch/renoval  R in  m. 

(3)  . 

Coefficient 

for 

the  coaputation  of 

the  intrinsic  io 

ments  of 

inertia.  (4)„ 

Slenderness 

ratio  of 

the  bent  smooth 

branch/renov 

al. 

(5) . or. 

(6)-  Its 

own  and  its  own 

products 

of  inertia 

in 

■3-  (7). 

Sub  the 

intrinsic  aoaents 

of 

inertia 
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Table  10.18.  Determination  of  the  central  aoaents  of 
inertia. 


Key:  (1).  Cuts.  (2).  The  reduced  length  of  cuts  ^np  in  a. 

(3) .  Coordinates  of  the  center  of  gravity  of  cuts  in  a. 

(4) .  The  static  aoaents  of  cuts  into  a*.  (5).  Sub  the 

intrinsic  aoaents  of  inertia  (on  table  10.17).  (6).  noaents 

of  the  inertia  of  section  relative  to  X-axes,  y.  (7). 
Correction  for  the  translation  of  axes  to  the  elastic 
center  of  gravity.  (8).  The  central  aoaents  of  the  inertia 


For  siaplif ication  in  the  calculations  for  ths 
coapensation  for  the  theraal  elongations  of  pipelines,  are 
given  below  calculated  foraulas  for  deteraining  the  forces 
of  elastic  deforaation  and  bending  longitudinal  coapensating 
stresses  for  soae  circuits  of  the  sections  of  pipelines 
natural  coapensation  (auto/self-coapensation) , of  the  meeting 
during  the  planning  theraal  grid/networks.  Foraulas  are 
derived  by  the  given  above  procedure  of  calculation  of 
tubes  for  the  coapensation  for  theraal  elongations. 

Calculation  foraulas  are  given  for  the  conditions  of 
the  calculation  of  the  sections  of  pipeline  taking  into 

account  and  eltkout  taking  into  account  of  tbe  flexibility 
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of  branch/reaoval s.  The  flexibility  of  branch/reaoval  is 

considered  for  the  sections  of  pipelines  with  bent  saooth 
branches  with  the  short  adjacent  to  branch/reaova 1 aras. 
Coefficients  k.  and  a in  this  case  are  deterained  froa 
foraulas  (10.52)  - (10.56). 

during  the  calculation  of  the  sections  of  pipelines 
with  welded  and  sharply  bent  branch/reaovals*  and  also 
during  the  calculation  of  the  sections  of  pipelines  with 
the  bent  saooth  branch/reaovals  with  the  long  adjacent  to 
branch/reaoval  aras  the  flexibility  of  branch/reaoval  s is  not" 

considered.  Coefficients  k and  a in  this  case  accept  equal 
to  unity. 


In  the  given  below  foraulas  are  accepted  the  following 
designations: 


steel  in 


a coefficient  of  the  linear  expansion  of  tube 
aa/a  deg; 


E - aodulus  of  elasticity  of  tube  steel  in  kg/c’’**; 


I - the  aoaent  of  the  inertia  of  the  cross  section 
of  the  wall  of  tube  in  cn*; 
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At  - a calculated  difference  in  the  temperatures 
between  the  aaxLaua  temperature  of  heat  carrier  t and  the 
calculated  for  the  planning  of  heating  teaperature  of 

surrounding  air  >»•>  in  deg; 

/ (with  indices)  - length  of  linear  segnents  of  pipes  ir. 

n; 

B - a radius  of  the  axle/axis  of  branch/renoval  in  et, 

D„-  a outside  dianeter  of  tube  in  ca. 

L-shaped  section  of  pipeline  with  angle  of  rotation  90° 
(taking  into  account  the  flexibility  of  branch/renoval). 

The  diagran  of  calculated  section  is  given  in  Pig. 

10.20. 


» 

I 


Calculation  is  psrforsed  by  the  fornulas: 
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the  reduced  length  of  the  centerline  of  the  section  of 
the  pipeline 


the  coordinate  of  the  elastic  center  of  gravity: 


it  io.r,t,  + R)+o.r>7M 

t.in.u,- f /?)+o.m/?»* 


CIO. 

(10.05) 


the  central  »o»ents  of  inertia  relative  to  axle/axes  X0 
and  y0; 

+ O.W*3  k-L,tfn  «*•.  v (10  **) 

+*.*  + *•)♦ 

+ 0.3 (10.07) 


central  product  of  inertia 


relative  to  axle/axas  x0  anJ 


Yo 


lm  - 0.072#*  - L***  •*;  (10.00) 


calculated  t hemal  elongations  along  I“Oi«o  and  y: 


Oia«AI(litA|  (tu.W) 

a*--ea»('«  + *>  *«•  *,0  #u» 


The  forces  of  elastic  deformation  are  determined  from 
formulas  (10.40)  and  (10.45). 

Maximum  bending  torque/moment  on  linear  segment: 

when  * i,t  1 at  point  A 
Amk  -(!,  + *-  ft)  P.  +’ft  P»  **»■•  !»°  ‘Jl ) 

■ hen  (i>ii  at  point  B 

- — (*•  +R  — *JPg-  ft  Pg  kicm;  (to  92) 

the  maximum  bending  moment  on  the  bent  cut  at  point 

(middle  of  arc) 

* - - (*_ 0.2*1#) PM+  (ft  — 0,293/?)  P„ ucm.  |(I0.93) 

The  bending  compensating  stresses  are  determined  from 

formulas  (10,50)  and  (10.51). 
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Pig,  10.20.  L-shaped  section  of  pipeline  with  angle  of 
rotation  90°  (taking  into  account  flexibility  of 
fcranch/reaoval)  . 


1* 

> ( — *« — 

J 

J 

*§ 

A 

*1  1 -1 

c 

Pig.  10.21.  l-shaped  section  of  pipeline  (taking  into 
account  flexibility  of  branch/renovals) . 

Page  19$. 


Y-shaped  section  of  pipeline  (taking  into  acconnt  the 
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flexibility  of  branch/removals) . 


The  diagram  of  calculated  section 


is  given  in  Pig.  49* 


10.21. 


Calculation  is  performed  by  the  formulas: 

the  reduced  length  of  the  centerline  of  the  section  of 
the  pipeline 

1, + !,+  !.  + 3.14#*  #;  <>091> 

of  the  coordinate  of  the  elastic  center  of  gravity  : 


-t  h (**•  *i j).  *(io  9G> 

*%  - — 

( <«  + 2#)  Vi  f *>.'<»  + ' .'Iff*)  j 10.96) 

*• " L„ 


the  central  moments  of  inertia  relative  to  axle/axes  x0 

and  ya: 

'-"Ta  + + 

4- 1 ,S7ff*  ( l)  + 3.272/;  ff  -t  3ff*)  - 

-InpVo-’i  <I0®7> 

j»  i 

■ | )— -M,(0.5/,  4-ff)«  + 

4.  /, (0,.IW|4-  ff)5  4- 0,71:1/?**  — i„  «•«*:  (10.96)  • 


: 
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central  product  of  inertia  relative  to  axle/axes  x0  a»J 


/ - /,  + o/j  (I,  + ft)  < J.  + 21?)  + ft*  + 

+ 0MK*tik-U,^yt*".  tIO  99) 


calculated  theraal  elongations  along  X-axes  and  y: 

4i»aili  .««.  (10. 100) 

A I,  - aA  f (/,  + 2ft)  -«*  (10.101) 


The  forces  of  elastic  deformation  are  determined  from 
formulas  (10.44)  and  (10.45). 


The  maximum  bending  aoment  is  greatest  of  the 

torgue/moaents  the  specific  on  linear  segments  for  points  A 

t/A < P 

and  B oa  beat  cuts  for  point  C (middle  of  arc): 

ma  * ( *»+  # + *•)  pv  *“ *•  ***'•  (,°  ,02) 

Ala  - ( /,+  -’ft  - x,)  ft,  - 

— (/,+  ft  — *,)P#  (10.103) 

Mc  - ( Jt#+  O.  JOJft)  P- 

— (v.-  0.203ft)  ft,  *«*;  (10. 104) 

» ( x, — 0,293ft)  Pf  + 

+ (I,  + 1 .707 ft  - V.)  ft,  «<*  • (W.  106) 


& 


Pig.  10.22.  Section  of  pipeline  with  s-shaped  compensator 
(taking  into  account  the  flexibility  of  branch/removals). 


The  bending  compensating  stresses  are  determined  from 

formulas  (10.50)  and  (10.51). 

Section  of  pipeline  with  S-shaped  compensator  (taking  into 
account  the  flexibility  of  branch/removals)  . 

The  diagram  of  calculated  section  is  given  in  Pig. 

10.22. 

Calculation  is  performed  by  the  formulas: 

the  coordinate  elastic-g  of  the  center  of  gravity:  x0 

= 0;  y„  * 0 central  moments  of  inertia  relative  to 

•xle/axes  xQ  and  y0: 
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•- - ' 4 + 7 + R)t+  2 ('* + *4') (l* + 2#,)*T 

+ ».»**  (S*3-27'***2*1^"*  Cl®  »06» 

^-17i+«.(i  + *-W+ 

+■(“•+ *lV,  + a"l‘  + 

+ «.2*R*(  I1  + 4IJII  + 4.34/?*)-*;  I10.IWI 

central  product,  of  inertia  relative  to  axle/axas  x0  and 

2,*.-  - (0,5l*l«  + l,K  + <»#  + 2/?*)  x 

X (2/, + 21, +«.»**) -O.UiflM  *•;  (10.108) 


calculated  thereal  elongations  along  X-axes  and  y: 


A » - 0.: 

&M  — Mi  IL  MM', 


(10.109) 


The  force  of  elastic  deformation: 


<10. Ill) 


Key:  (1).  Kgf. 


the  Niiaoi  bending  noeent  at  point  C 


“ (<•  + 2*)  Pt  + PtR  utM.  (10. 1 121 


r 
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The  bending  compensating  stresses  ace  determined  froa 

formulas  (10.50)  and  (10.51). 

In  the  absence  of  direct/straight  insets  on  the  bach 
of  S- shaped  conpensator  Foriulas  are  simplified  and 

take  forn  (mhen  and  <»-"»*>• 

the  coordinates  of  the  elastic  center  of  gravity: 

*»-0;  Jfe-O; 

the  central  moments  of  inertia  relative  to  axle/axes  x„ 

and  y0: 


+ + W?*  +30.5*/?**  ~r 

+ |,Nif m + hHA*  + 1 .ta'A*  (10.113) 

f- -2T.2A** + «•#•+  *»'*•  + 0.«*I**»  **;  (10114) 


central  product  of  inertia  relative  to  axle/axes  x0,  y# 
l.m  m -i.ataUWI-l2.7W  - 


(10.113) 


Page  ' 196. 
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Calculated  thermal  elongations,  the  forces  of  elastic 
deformation,  the  maximum  bending  aoaent  and  the  compensating 
stress  at  point  C are  determined  from  formulas  (10.109) 
(10.112),  (10.50)  and  (10.51). 


In  the  absance  of  direct/straight  insets  on  back  (/»-/, -oj 
and  in  flight  (*-<«— 0)  s- shaped  compensator  calculation  can  be* 

performed  directly  by  the  formulas: 


The  force  of  elastic  deformation: 


* *te.  (10.116) 

' 0,67A(*(I  -t  llk)  IU 


-J«£/ 


9 ».•*•  (»•  + * + yjtO1 


r;  (10.117) 


the  aaximnn  beading  compensating  stress 


tue/mm*.  ((10.118) 


Section  of  pipeline  with  S-shaped  compensator  (without  taking, 
into  account  of  the  flexibility  of  branch/r eaovals)  . 


The  diagram  of  calculated  section  is  given  in  Pig. 


10.23. 


- ■ 


A» 


I 


t 
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Calculation  is  performed  by  the  formulas:  the  coordinates 
of  the  elastic  center  of  gravity:  x0  = 0;  y0  = 0;  the 

central  moments  of  inertia  relative  to  axle/axes  x0  and  y0 


(10,119) 


(10.120) 


central  product  of  inertia  relative  to  axle/axes  xG  and 

y»: 


!.»  - - V. Ot  + /.)  (to.  121) 

calculated  thermal  elongations  and  the  forces  of  elastic 
deformation  are  determined  from  formulas  (10.109)  - (10.111) 

The  aaxiaum  bending  aoaent  on  the  back  of  compensator 
is  deteraiaed  froa  the  foraula 

*•«««■  w*.  (10.122) 

The  bending  compensating  stresses  are  determined  from 
formula  (10.50). 


1* 


: t 


DOC  * 78009412 


PAGE  9#* 


Sit 


P-  - 

j til*  figurative  section  of  pipeline  (taking  into 

accouat  the  flexibility  of  branch/renovals) . 


The  diagraa  of  calculated  section  is  given  in  Pig, 
10.24  calculation  is  perforned  by  the  foraulas; 


the  reduced  length  of  the  centerline  of  the  section  of 
the  pipeline 

+ + ■-;  <i°  *23) 

of  the  coordinate  of  the  elastic  center  of  gravity: 


(<,  + 2*)  (I,  + 0.3/,)  + I,  Q.ft/,  -Hi  4-  3/?) 

- Mi  «,0 .,2., 

Lnp 

U,  + 2R)llt  + 0.U,)  -(/i  + ft-O.'i/.M,  + 


*;  (10. I J 5) 


the  central  aoaents  of  inertia  relative  to  a*le/a*es  x 


aad  y,: 


J 
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Yo‘- 


<*  + / i,  \ 

£ + ('.+  -f]  <».  + 2*>'+ 

+ (/,  + #-y)'  /,+  3.14M(l-  +3.>m}+ 

+ 2,89 «’)  - t8p  vj  *•;  (in.  |J6) 

^ + ('*  + '?')  (,«  + 2Rt)%  + 

+ /«(/, + 3# + -£-)*+ 

+ 3.U#*  ( l]  + 4«J,  + 4,33/J*)  - L„  «*  *»;  * (I0.VJ7) 

central  product  of  inertia  relative  to  axle/axes  x0  and 


/„.  - Ui  + + .-/?) «,  + <d  + 

+ 9,1  - W/,  - W.',  T J.t'Jfc*)  — 

- l.p^.  (W.UI) 


calculated  thermal  elongations  along  X-axes  and  y: 
are  according  to  formula  (10.100) 

a v « t (/,  - /?  - /.)  mm.  (io.  i») 

The  forces  of  elastic  deformation  are  determined  from 
formulas  (10.44)  and  (10.45). 
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Fig.  10.23.  Section  of  pipeline  with  S- shaped  compensator 

(without  taking  into  account  of  flexibility  of 
br anch/resovals)  - 


Fig.  10.24 
flexibility 


is  section  of 
braach/resovals) . 


pipeline 


(taking  into  account 


Page  197. 


The  naxinus  bending  nosent  is  greatest  of  the 
torqu«/Bonents,  determined  on  linear  segaents  for  points  A 
and  B sad  oa  bent  cats  for  points  C»  D and  E (middle  of 

ma  M ,J«  + '•  (,°  ,JD) 

Mu  U + '.+  >N  ~ *.) *«*•  ,JI> 

\tc  •-  ( /,+  1 .707//  - *,)  /»,- 

— (0 ,JKW  - x„)  P,  kstm;  (»0. 132) 

Mo  -•(',+  1.707 R-VJP,- 

- (/,  + 1 .7«7Af  - xj  /',  ur m;  (10. 133) 

Alg  - (O..XJ  W?  - r,)  \- 

— (/,  r J . **3/?  - xj  . (10.134) 


arc) 
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The  bending  compensating  stresses  are  determined  from 

formulas  (10.50)  and  (10.51). 

figurative  section  of  pipeline  (without  talcing 
into  account  of  the  flexibility  of  branch/renovals) . 

The  diagram  of  calculated  section  is  given  in  Pig. 

10.25.  Calculation  is  perforued  by  the  formulas:  the  reduced 
length  of  the  center lino  of  the  section 

*i  + '»  + <•  + *♦  m;  (10.133) 

of  the  coordinate  of  the  elastic  center  of  gravity: 

^ _ °.,|<|l4^lt|l-t:ii!’. m.  (to.133) 


■ •.  u ■ ' 


1 


I 
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the  central  aoients  of  inertia  relative  to  axle/axes  x. 


and  y0: 


/I  X /• 

h~ln9Vl  M\ 

*n  m i (*»  + <«)  + 

+ '> a*‘ 


(10. US) 


(10.1'iO) 


central  product  of  inertia  relative  to  axle/axes  x0  and 


,,m  “ + /*)  — Uy  *,  V,  -**•;  (10. 1 


calculated  theraal  elongations  along  X-axes  and  y: 


Ax  by  foraala  (10.100). 

Ar»«A*('i  — <»)  *■ 


(10. 141) 


m 
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The  forces  of  elastic  deformation  are  determined  by 
formulas  (10.44)  and  (10.45). 

Maximum  the  bending  moment  will  be  maximum  from 
obtained  the  formulas: 

*„-(!,  - X,  - <i)  \ + p,  ***•  <'“•  ‘ ‘2> 

Mg  ■»  — »/,  -(»«+<,-  *.)  ***;  U3) 

. *c  - ( V - »,) + ••  pf  (,°  M4) 

Mg  - ( «» - *,)  **,  - ( V - *•) p,  ““i  u5) 

JMg  - /»,— (/,-*,)  «** . (10.  >«*) 


The  bending  compensating  stresses  are  determined  from 
formula  (10.50). 

When  , the  formulas  take  the  form: 

the  reduced  length  of  the  centerline  of  the  section 

ta,-1,+  U»  mi  (10.  U?) 

of  time  coordinate  of  the  elastic  oemter  of  gravity  t 
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CO± 


(l0U|) 

!A.k  (10.1.9, 


the  central  aoaents  of  inertia  relative  to  axle/axes  x0, 

r«: 


7,«  * **  (*» + i l§)  “!am  *# 


(10. 150) 


lr„—  by  foreela  (10.139) 


Central  product  of  inertia  relative  tQ  axie/axes  x0,  y 

* 0 

is  deterained  froa  foraula  (10.140). 

Calculated  theraal  elongations  along  X-axes,  y: 

lx  — *Sf  (i»  + /«)  mm;  (10.151) 

if  -0. 

The  force*  of  elastic  deforaation  the  naxiaun  bending 
aoaent  and  the  bending  compensating  stresses  are  deterained 
froa  foraulas  (10.44),  (10.45),  (10.142)  - (10.146)  and 

(10.50). 
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Fig.  10.  P“  •action  of  pipeline  (without  taking  into 

account  of  flexibility  of  branch/renovals) . 
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Page  198. 


Table  10.19.  Calculation  formulas  for  determination  P,. 

and  dimensionless  coefficients  A,  B and  C for  the  sections 

of  tke  pipelines  of  different  configuration. 
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tji-o  vr 

3| 

•*£ 
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ui  <>aptau  itooa  ( n 


'a  V« 


m _ mEIlt 

**-  fl 5 — «* 

* »(V»‘ 


a£»Mi» 

, — C — aoc/*«» 

1 10 


„ . *EIU 

P.~  A M 
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a - a — — I« 

» IIW< 


, _ mEu^it  , , 
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»0  + a>  au+p) 
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“ 3(1 +a) 


«u+ai 


*a(o)“c 

+ a*  + a +0.36S*  - <£^?l±i±2i; 

a + a + 1 .371 


• + a' + a +0.355*-'. " ~ — 

i a + a + i.Jia 


>?•»*■  + r±PiI*>,|  J»1  +a*+a+o.i* 

a + p + 1.373  J l 3 

, _ (0 .V  + , + O.Hkr\ 


• +p  + 1.57* 


(a  + » c- +a*+a+oi“*  - ■ 


»1  +a-+a-H).«i*  '0*eL*J  + °;SW  | _ fo'073—  »*■'-)•« +0.37*)(0.3a- 

3 a+p  + 1.170  J l a + a + 1.37 
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37* 


a + a+iJ!* 
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Key;  (1).  diagrams.  (2).  Diagram  of  calculated  sec 
Formulas  for  determination.  (4) . coefficients.  (5)  . 
of  nomograms  for  determining  the  coefficients  of  A 
(6).  See  diagram  4 on  page  199. 


Page  199. 


Continuation  table  10.19. 


tion*  (3) 
Figures 
, B,  C. 
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Notes.  1.  Coefficients  N qa>- ci*>- c»«>- ete  during  their 
calculation  in  formulas  for  circuit  5 css  be  obtained  with 
positive  signs  or  "minus".  During  determination  «!|3  the  sign 
of  coefficients  is  not  considered. 

2.  Formulas  for  circuits  1#  2,  4,  5 are  given  without 
taking  into  account  of  flexibility  of  branch/removal sr  and 
for  circuits  3 and  6 - taking  into  account  flexibility  of 
branch/removals. 

Key;  (1)„  Diagrams.  (2).  Diagram  of  calculated  section.  (3) 

Formulas  for  determination.  (4) . Coefficients.  (5).  the 

figures  of  nomograms  for  determining  the  coefficients  of  A, 
B,  C„ 


Page  200. 

por  most  frequently  net  in  practice  of  the  planning  o~f 
the  thermal  grid/networks  of  the  configurations  of  the 
sections  of  pipelines  (g-and-Z-figurative  sections  of 
pipelines)  the  simplified  formulas  for  determining  the  force? 
of  elastic  deformation  |Pi  h /»„)  and  the  bending  longitudinal 
coape^sating  stresses  a‘.  expressed  through  dimensionless 
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coefficients  of  A,  B*  Cr  are  given  in  table  10.19.  For 
determining  the  dimensionless  coefficients*  are  constructed 
nomograms  (Fig.  10. 26- 10. 36) . 

Tables  10.20  and  10.21*  gives  the  auxiliary  values; 

T^T  ■ 'an  ter  in  g the  calculation  formulas  table  10.19. 

During  compilation  table  10.20  and  10.21  product 
Accepted  egual  to  2.4*10*  to  kgf • ma/cn**n*deg. 

In  the  practice  of  the  planning  of  thermal 
grid/networks,  frequently  appears  the  need  of  determining  the 
lengths  of  the  mutualling  compensate  arms  of  the  L~shaped 

sections  of  the  pipelines  (see  diagram  4 in  table 

10.20) which  are  determined  (without  taking  into  account  of 

the  flexibility  of  branch/removal)  by  the  formulas: 

the  smaller  compensating  arm 
'm  = (10.152) 

of  the  larger  compensating  arm 

*•■>*««.  (10.  ICJ) 

•here  <•>  - is  length  of  the  seeller  compensating  arm  in  a* 
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referred  to  1°  C of  a calculated  difference  in  the 
teaperatures,  is  deternined  according  to  noaograas  of  Pigs. 
10.37  and  10.38; 

At  - a calculated  difference  in  the  teaperatures 
between  the  teaperature  of  heat  carrier  t and  the 
calculated  teaperature  of  surrounding  air  for  heating  in 

n -- 

deg; 


n 


the  relationship/ratio  of  arms. 
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Table  10.20.  Auxiliary  values  for  ooaputation  p,  p and  « 

9 9m 

daring  the  calculation  of  tubes  talcing  into  account  the 
flexibility  of  branch/reaovals. 


Key:  (1).  outside  diaaeter  of  tube  Di«\  in  ca.  (2).  The 
vail  thickness  of  pipe  s in  na.  (3) . Radius  of  the 
axla/axis  of  the  bent  tube  B in  a.  (4).  kgf/deg. 
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Fig.  10.26.  loaograa  for  determining  dineasioalnss 

coefficients  of  A , B#  c for  calculation 

L-shaped  section  of  pipeline  with  angle  of  rotation 
without  taking  into  account  of  flexibility  of  branc 


Key:  (1).  Coefficients  A,  B,  c.  (2)  . Coefficient.  P 


of 

90° 

h/re moral 
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factors  of  A and  B for  calculation  of  egual-arn  L-shaped 
section  of  pipeline  taking  into  account  rotation  are  lore 
than  90°  without  taking  into  account  of  flexibility  of 
branch/renowal. 

*•75  (*)•  Coefficient  c.  (2).  Angle  P. 
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Pig-  10.28.  Noaograa  for  deteraining  dimensionless  coefficient 
of  C for  calculation  of  equal-arm  L-shaped  section  of 
Pipeline  with  angle  of  turn  is  more  than  90°  without 
taking  into'  account  of  flexibility  of  branch/removal. 
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Page  202. 
A.C 


Pig.  10.29.  lonogran  for  determining  dinensionisss 
coefficients  of  A and  C for  calculation  of  egual-arn 
L-nbaped  section  of  pipeline  with  nngle  of  rotation  90 
taking  into  ncconnt  flexibility  of  brnnch/renownl. 
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J <•  i t 1 t 3 It  li  30 
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<u>  io  to  io  uk  no  no  m 


Pig.  10.30.  loaograa  for  detecaining  dimensionless 

coefficients  AP  and  B*  for  calculation  of  L-shaped  section 
of  pipeline  with  angle  of  rotation  is  note  than  90° 
without  taking  into  account  of  flexibility  of  branch/re nova 1 


Key:  (1).  Coefficient.  (2).  Coefficients  A»,  B*. 


-q* r 


I 
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of  pipeline  with  angle  of  rotation  are  nore  than  90° 
without  taking  into  account  of  flexibility  of  brans h/renoval. 

*•1*  (1).  Coefficient.  (2).  coefficients. 


* 


r - \ • 


p 


trrrrtnt  n:  : r: 


IS  2 3 <t  5 6 7 8 3 W 

— Kooiptpuuuexrri  /» 


iuii 


sssasns: 


Of  or 08  0.9  1 


ititiai 

MHN 


} 6 T 8 9 'll 


— rujjwunuc""!  r _ Kounvuvuenm  o 

Fig.  10.32.  Roaograa  for  determining  diaensionless  coefficient 

of  C for  calculation  of  L-shaped  section  of  pipeline  with 
angle  of  rotation  is  aore  than  90°  without  taking  into 
account  of  flexibility  of  branch/removal. 


Fig.  10.33.  Nomogram  for  determining  diaensionless 

coefficients  of  a and  B for  calcnlation  of  z-shaped  secti  or\f 
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lot  pipeline  without  flexibility  of  branch/renoval. 


Key:  (1).  Coefficients.  (2).  Coefficient. 


Pig.  10.34  *.  losogra*  for  deter lining  maxia^*  diaensionless 

coefficient  c„,KC  for  calculation  of  z-shaped  section  of 
pipeline  without  taking  into  account  of  flexibility  of 
branch/renoral.  Naxiaua  the  stress  depending  on  the  value  oi 
coefficients  of  p and  n can  be  at  points  c,  b or  d,  in 


connection 

with  vhich  on 

curve 

broken  into  the 

sections. 

designated  letter 

ai 

c,  b and 

by  d,  which 

indicate. 

at  vhich  point 

there 

•ill  be 

nnziann  stress. 
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FOOTNOTE  *.  Nonograas  are  constructed  by  Eng.  B.  y. 
Budomino.  ENDPOOTNOTE. 


Key:  {1). 


Coefficient  of  saxiaun  stress 


(2).  Coefficient 
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During  the  construction  of  nomograms,  the  product  *£  is 
accepted  equal  to  2.4  Icgf  n/ci*  m deg,  and  the  bending 
compensating  stress  -»!■**  6 kgf/mn*. 


When  the  permissible  bending  compensating  stress. 


received 

from 

stress 

analysis 

is 

less  or  more  than  6 

kgf/mm*. 

the 

len  gth 

of  the  smaller 

compensating 

an  , 

obtained 

from 

formula 

(10. 152) , 

they 

recount  by 

the 

following  formula 


(lO.I.M) 


In  this  case  the  length  of  larger  arm  is  determined 
from  the  formula 

(JO.  165) 


m 


— 


I 
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Pif.  10.36.  loaograa  for  detoraining  diaensionless  coefficient 
of  C for  calculation  of  L-shaped  section  of  pipeline  with 
angle  of  rotation  90°  taking  into  account  flexibility  of 
branch/reaoval  with  k * 2.8. 

Key:  (1).  coefficient. 


Table  10.22.  Nininua  length  of  the  coapeaeating  ares  of  the 
L-shaped  sections  of  pipelines  with  equal  aras  taking  into 

account  the  flexibility  of  braacb/r«aoval  in  a. 
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Mnnnummm  Uhnm  KOaneiMH|t)iouiMx  n.iei  npn  njj u. 
»«»|««  TtMUMifNim;  t K9C  fM*,  I • *C  /^\ 

Ifc 

it  2c n 

'’p 

/-ISO 

imo'HC 

Vo-11 

V-J0O 

Vo-14' 

V-x’i. 
#*„_..-2l  • 

5-310 

i 

IS 



0.0 

1.3 

1.0 

2 1 

n 

0.7 

1 

1.5 

1.7 

3.1 

40 

0.1 

1.2 

1.1 

2.1 

2.5  | 

so 

1 

1.4 

2.2 

2.5 

1 

70 

1.5 

t 

3 

3.1 

4 

m 

1.5 

2.1 

3.5 

4 

4.5 

100 

1 

2.0' 

4 

4.7 

.4.5 

125 

2 

5 

1 

5.1 

4.5 

ISO 

0.1 

5.S 

1.5 

4.1 

7.4 

175 

a 

4.2 

0.5 

7.5 

5.4 

too 

5.5 

4.0 

7.1 

1.5 

* 10 

290 

4 

1.0 

0 

MM 

12 

a* 

» 

7 

II 

12.1 

IS 

ISO 

0 

0 

12 

14.5 

17 

400 

*• 

14 

10 

Notes.  1.  The  calculated  teaperature  of  surrounding  air 
is  accepted  -30*. 


I 

41 


2.  Longitudinal  bending  coapeasating  stress  is  accepted: 
for  water  and  steas  t < 250®  c -8  kgf  am*;  for  pair 

*,»*»-  6 kgf /a  a*« 


t > 250®c 


3.  Reach  is  given  taking  into  account  radius  of  the 
axis  of  bent  tube  R. 


Key:  (1).  The  internal  dianeter  of  tube 


t>Y  in  na.  (2). 


a"-'! 

i 


. . . 


i 
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nininua  lengths  of  the  compensating  aras  in  the  paraaeters 
of  heat  carrier;  i>P.6  in  kg/ca*,  t in  °C. 


Page  206. 

The  ainiaum  lengths  of  the  conpensating  aras  of  the 
L-shaped  sections  of  pipelines  with  equal  aras  talcing  into 
account  the  flexibility  of  the  bent  saooth  branch/r eaovals 
and  without  taking  into  account  of  the  flexibility  of 
branch/reaovals  for  tubes  on  the  "assortment  of  the  tubes 
of  theraal  grid/networks"  are  given  in  table  10.22  and 
10.2  3. 


10.5.  Calculation  for  the  compensation  for  the  theraal 
elongations  of  the  sections  of  pipeline  with  (J-shaped 
compensators. 


The 

length  of  the 

adjacent 

to 

U-shaped 

coapensator 

aras 

has,  as 

a rule,  large 

extent. 

in 

connection 

with 

this 

the 

react  ions 

of  forces  of 

friction 

of 

supports 

bring 

about 

the 

secondary  forces  of  elastic  deforaation  and  stress  in  the 
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pipelines  which  are  considered  taking  into  account  the 
compensation  for  thermal  elongations  by  contraction  in  the 
lengths  of  the  adjacent  free  arms  in  comparison  with  actual 

to  *0  Oy 

It  distance  from  fi*ed  support  to  cOmPenSator  iess  than 
40  in  calculation  consider  the  overall  length  of  the 

compensating  section.  During  setting  up,  directing  supports 
the  reach,  considered  in  calculation,  accepts  equal  to 
distance  from  directing  support  to  compensator. 

Side-looking  all  the  cases  calculated  thermal  elongation 
is  determined  for  the  actual  value  of  compensating  section, 

i.e. , according  to  the  distance  between  fixed  supports. 
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Table  10-23.  Minimum  lengths  of  the  coapensating  arBs  Qf 
the  L-shaped  sections  of  pipelines  with  equal  arms  without 
taking  into  account  of  the  flexibility  of  bramch/cemowal  i 


MkHMWjU'NMi'  1 IMMI4  k<  WIUHl-H|t:i«MUlll  tf-ltf*  IlfN  H1|UMrT|UI  riH4*>iuCMT«Ja:  /*  J | C.V  cm*.  I I *0 


> r 

tll>  .*•.  I 

• 4*41 


I .111  I uo  | J0  I 30  | 


1J.5 


25.5  I ii 


IN  | 34 


in  I :» 


II  | .1.5 


IN 


17.5  30.5 


31  36 


41. S 


37.5  I 47. 5 


/-M0 


Vr»4  > • cpail 


13.5 


16.5 


9.2  ! 20 


IS 


10.5  16.5 


12. S 


14.5  25 


16.5 


16.5 


16.5  32 


30.5  | 35,5 


34.5  42.5 


V«“w-  l~K:' 


I 0 | 31  | 


14.5 


16.5  I 26.5 


6 

14 

10 

17 

II 

It  .5 

'«  1 

24 

16.5 

| 26.5 

m 

33 
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Notes:  1.  Heavy  lines  emphasized  the  maximum  recommended 

lengths  of  the  compensating  arms  during 
auto/self- compensation. 

2.  Cm.  note  1 and  2 to  table  10.22. 


Hey: 

(D 

. The  internal  diameter  of 

tube 

bi 

in 

mm.  (2)  • 

ninimum 

lengths  of  the  compensating 

arms 

in 

the 

pa  ra  meters 

of 

t he 

heat  carrier:  in  kgf/cn*. 

t 

in 

°c_ 

(3)  . Angle 

0 in  deg. 
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"/wad 


Fig.  10.37.  N^uograa  for  deter  mini  rig  length  of  smaller 
compensating  art  /„„  , in  reference  to  1°C  calculated 
differences  in  teape ''atures  for  dh  - 42.8-102  cm. 


Key:  (1).  m/deg. 


J 


• _ /«"  V-< 
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Fig.  10.38.  Nomograa  for  deter  m in  in  g the  length  of 
smaller  compensating  am  in  reference  to  1°C 

differences  in  the  temperatures  for  du  - 3.2-42.6 

Key:  (1)-  m/deg. 


t he 

cal cu la ted 
cm. 
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The  effect  of  the  length  of  the  adjacent  free  arms;, 
considered  in  calculation,  cn  compensation  capacity  and  the 
force  of  elastic  deformation  is  evident  from  the  graphs, 
given  in  Fig.  by  10-39-10.41,  constructed  for  U-shaped 
compensators  with  the  smooth  bent  fcr anch/removals.  During  the 
construction  of  graphs  of  the  value  or  the  force  of 
clastic  deformation  and  the  compensation  capacity  of 
compensator,  ability  of  compensator,  determined  at  the  length 
of  the  adjacent  free  arms,  equal  to  u=-*o  Dr.  are  accepted 
as  unity,  but  for  the  values  of  these  quantities  when 

/n-IODy.  80  Dy.  ODy 

. are  given  correction  factors  n 2 - to  compensation 


capacity  and 

- to 

the  force  of 

elastic  deformation  of 

compensator. 

The 

data 

of  these  and 

other  graphs  are 

generalized 

and 

g iven 

in  the  form 

of  the  averaged 

coef f icients 

in 

table 

10.24. 

If 

U-shaped  compensator 

is  furnished 

not 

along  the 

middle 

of  section,  but 

they 

misalign  to 

the 

side  of  one 

of  the 

fixed  supports. 

the  n 

the  forces 

of  I 

elastic 

deformation  and  stress  increase  approximately  by  20-40o/o 
with  respect  to  the  forces  of  elastic  deformation  and  by 
the  stress,  received  for  the  compensator,  arrange/located  in 

the  siddle. 
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Fig.  10.40.  Graph  of  correction  factors,  which  characterize 
the  effect  of  the  lengths  cf  the  adjacent  free  arms, 
considered  in  calculation  for  DMx*  - 219  x 6 mm  and  R 


= 850 

mm.  1 - nj 

to 

compensation  capacity 

when  o;  - 

2 

the  same. 

when  'a 

,-io  or  3 - the  same. 

when  /„-#)  oy. 

4 - 

n2  - to  the 

force 

of  elastic  deformation 

when  /B-0;  5 

- the 

same,  when 

i,-io  nr 

6 - the  same,  when  > 

n-«>  Oy 
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Fig.  10.41.  Graph  of  the  correction  factors,  which 
characterize  the  effect  of  the  lengths  of  the  adjacent 
arms,  considered  in  calculation  fox  D,x*-426  t 9 an 

= 1700  mm.  1 - to  compensation  capacity  when 

2 - the  sane,  when  /n-i0  ny. 


3 - the  same,  when  <„-« o oy. 


n 


to  the  force  of  elastic  deformation  when  /„-o; 


the  same,  when  /.-ro  ny.  6 - the  same,  when  'm'10  Dr 


Table  10.24.  Values  of  correction  factors  of  nj  and  n2. 


Jjwiia  SipVier«KH«m 

IMS*.  ySNTMN^AMMS 

• packers.  /w 

^'^n«npts«*HHuA  k<is<$4ihum«kt 

k ^wiLn*NCMpyioms<l 
en«>co6HoctN  St 

L^nas  ynpyroi 

At$<>pMBUHM  Mg 

« Dy 

i 

1 

W Dy  • 

».♦ 

1.3 

0 Dy 

o.» 

1.? 

free 

. R 

4 

5 - 
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Key:  (1).  Length  of  the  adjacent  arms,  considered  in 


ca  leu  lat.  ion 


(2).  Correction  factor.  (3).  to  compensation 


capacity  n,,  (4).  to  the  force  of  elastic  deformation  np. 


i Va 

i • * 

* ..  p,  p 

r 

! ! B,  . »1 

I y I V 


Fig.  10.42.  Section  of  conduit/man i told  with  unsyrametric 
U-shaped  compensator  with  the  smoot  h bent  hranch/rem  ovals 
with  1*  > 15. 


Page  209. 


Section  of  conduit/manifold  with  asymmetric  U-shaped 
compensator  with  the  bent  smooth  branch/removals. 


The  diagram  of  calculated  section  is  given  in  Fig. 


10.42. 


Calculation  is  performed  by  the  formulas: 


L 
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the  reduced  length  of  the  centerline  of  the  section 


£np  — "f  2/j  -f- 1%  -f-  /|  -f-  6,28/?*  at.  1 10. 1 .)6i 


of  the  coordinate  of  the  elastic  center  of  gravity 

, _ Ui  + '>  + /,+  \R)  (/.  - /,) 

2Z.„P 

(/,  -f  2 /?)  (/,  + l,  + 3,14/?*) 


V% 


Lnp 


■*.  (10  I. 17) 

m.  llO.I.’S) 


the  central  lownts  of  inertia  relative  tc  axle/axes  x0  ami 


Yo: 

l* 

+ <2/* + 4/»>  ("j’  + + 

6.28/7*  + 1 ,635/^  -f  1 .5/7*  j _ 

~ ^np  ^ < (10.1.19) 

. t + + /, 

w 12 + T(/l  + /j  + 4/?)*  + 

+ 7-W.  + /.  + 4/?)*-f/,  (y  + /?)2  + 

+ 1 .57/?*  ( /?  + 4/,/?  + 4.9/?1)  - Lnp  4*  (10  160) 


central  product  of  inertia  relative  to  arle/axes  x„,  Yo 

— L„vx„y0M*.  (10.161) 

Calculated  theraal  elongation  along  X-axis  is  determined 
from  formula  (10.43). 

Force  of  elastic  deformation  is  determined  from  formulas 
(10.110)  and  (10.111). 

As  the  maximum  bending  moment  they  accept  greatest  of 


— f 


- 
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♦ he  bending  moments: 

M -=  P,(H  — y ,)  4-  py  X„  + -j-j  (10.  |62) 

M ~ P'U»  + P)  +2/?+“^"  +■  r.  (10. 16.'!) 

|<e4  . ( 0-  cm. 

The  bending  compensating  stresses  are  determined  from 
formulas  (10.50)  and  (10.51). 

When  the  lengths  of  the  adjacent  free  arms,  considered 
in  calculation  on  both  sides  of  compensator,  are  equal  to 
each  other  (Fig.  10.43),  formulas  are  simplified  and  take 
the  form: 

the  reduced  length  of  the  centerline  of  the  section  of 
the  conduit/manifold: 

npH  /n>0 

U'  L 21*  + 2/i  -Mi  + 6,28#*  m;  (10.164) 

/„- 0 

Ur’3/»  -»-/,  + 6.28#*  *;  (I0.l6r») 

Key : (1) . with. 

coordinates  of  the  elastic  center  of  gravity: 

„ (1. +2Af )(/,  + /,  f.l.u#*> 

*•  L * (10  166) 

*-0; 

the  central  aoaent  of  inertia  relative  to  axle/axis  x0 : 

,*-4+'2*t  + «'.)(y  f#)*  + 

+ 6 .28#*  ( y + ) ,6K/f#  + I ..■)#•  | - 

““  Lfp  *• . do  n*r* 


- ' — 
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Calculated  thermal  elongation  along 
from  formula  (10.43). 

Forces  of  elastic  deforeation: 

AxEI  (i  I 

Kev  0) 

maximum  bending  eoaent:  with  y0  { 

Mmmc  **  (H  — Vo)  *r?c-**» (.* I 

Key:  (1).  kgcn 

with  y 0 >,  0.5H  at  point  d 

Afuaxe  — — y<A  «*■<*  0 ) 

Key:  (1).  kgcn. 

The  bending  compensating  stress  is 
formulas: 

on  the  back  of  compensator  on  the 


X-axis  is  determined 


(10. I68t 

0.5H  at  point  C 

(10.169) 

<10.1701 

determined  from  the 

branch/reaoval 


(10  171 t 
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Key:  (1).  kgf/mm*. 

on  the  sections,  adjacent  to  compensator,  on  the 
branch /removal 


« gH»" 

IH-Vo) 


(10  17  J\ 


Key:  (1).  kgf/mm* 


on  the  direct/straight  sections,  whic  h apply  to 
compensator. 


< ya  b 


B,np’"  {H-yJm 


K tcjjHM*  (10.170 


Key:  (1).  kqf/mn*. 
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Fig.  10.43.  Section  of  the  pipeline  with  symmetrical  U-shaped 
compensator  with  bent  smooth  branch  pipes  when  4-W* 

Page  210. 

Section  of  condu it/ma n if old  with  unsy mmetric  U-shaped 
compensator  with  welded  branch/romo v al s. 

The  diagram  of  calculated  section  is  given  in  Fig. 
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Calculation  is  performed  by  the  formulas: 

the  reduced  length  of  the  centerline  cf  section,  with  H = 
12  and  B = lj 

f-np=  /| +2/j no.  1 74 . 

of  the  coordinate  of  the  elastic  center  of  gravity: 

r _ <h  x /» U)  (/,-/.) 

* (10.17;,) 

-*-np 

/j  </i  f /,) 

Vu  ~ ; «;  (10.1 76) 

'-np 

the  central  moaents  of  inertia  relative  to  axle/axes  x0, 

Y0: 


t) 


n 


6 +(2,i  + 4(,)-  -LnpylM\  (10.177) 


|f+(S+i  /, 

=*  * + — 1 


'»•  ” ^ — + *7  </i  + /»)’-(-  7 </.  7-  /,)>  + 


+ /,  — _£  r2  -"t 
1 4 np  0 


(10.17S) 


central  product  of  inertia  relative  to  axle/axes  x0,  y0 

/jr»»  ™ ~ lnp»„y.  (10.179) 

Calculated  theraal  elongation  along  x-axis  is  determined 
from  formula  (10.43). 

The  forces  of  elastic  deformation  art  determined  from 
formulas  (10.110)  and  (10.111). 


• 1 « iai 


-- 
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As  the  maximum  bending  moment  they  accept  larger  of 
the  tor  <ju  e/moments : 


M Vo)  4.  py  (10.1 


Px!/o  " Py  ■'  2 -f*o  | Kir M . 


(10.181) 


Key:  (1).  kgc«. 


The  bending  compensating  stress  is  determined  from 
formula  (10.50). 


With 

the  equal: 

Lty 

in 

calcu la t 

ion  of  the 

ad  jace  nt 

f fee 

arms 

considered 

on 

bot  h 

si 

des  of 

compensator 

(Fig.  10. 

45) 

the 

calcu  lation 

is 

perf 

o ruled  by  t 

he  simplified 

f or  m ul  as 

: 

the 

reduced 

len  gt  h 

of 

the  ce 

nterline  of 

the  secti 

on  of 

the 

conduit/manif 

iold 

^rrp 

=■  2/„  + 2 H + 

Bm\  (10.182) 

the 

coordina 

ite 

of 

thf* 

elastic 

center  of 

gravity 

H(H  ~B) 

*•-  , 

*-np 

*■.  (10.183) 

Xj  =*  0-, 

t he 

central 

moment 

of 

inert  ia 

relative  to 

axle/axi 

s x0 

/« 

'"‘•-inpVoV.  (10. 

184) 
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Calculated  thermal  elongation  alonq  X-axis  ate  determined 
from  formula  (10.43),  and  the  forcer,  of  elastic  deformation 
according  to  formula  (10.188). 

The  maximum  bending  moment  with  y0  £ 0. 5H  and  y0  >, 
0.5H  is  determined  from  formulas  (10_1b9)  and  (10.170). 


Bending  compensating  stress:  on  the  back  of  the 


compensator 


( H ( I \ 

T.  ^ Mr/***; 


(10. 18',) 


Key:  (1).  kgf/mm*. 


cn 


the  direct/straight  sections,  adjacent  to  compensator. 


.«  • _ y„P*  , H + b ul 

TH(np)’  H 2/b  + ff  *»[***.  (10. 


Key:  (1).  kgf/i«*. 


tj-shaped  compensators  with  sharply  bent  branch/removals  can 
be  designed  from  formulas  for  compensators  with  welded 
tr anch/removals. 
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Fig.  10.44.  Section  of  conduit/nan  i fold  with  unsymme trie 
U-shaped  compensator  with  welded  branch/remcvals  with  lt 


1 5 * 


y|  Vo 

rflt — 1 


I 


y«  m| 

j r 


Fig.  10.45.  Section 
U-shaped  compensator 


of  conduit/manifold  with  symmetrical 
with  welded  branch/removals  with  lj 


Fig.  10.46 


U-shaped  section  of  cond u it/ma nif old  with  t 
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bent  smooth  branch/r emo va is  without  the 


adjacent  arms* 


Page  211. 


tJ-shaped  section  of  conduit/manifold  with  the  bent  smooth 
fcranch/removals  without  the  adjacen*  aims. 


The  diagram  of  calculated  section  is  given  in  Fig. 

10.4b. 


Calculation  is  performed  by  the  formulas: 


the  reduced  length  of  the  centerline  of  the  section  of 
conduit/manifold 


L„  p 21.  + /,  + 


m ; 


(10. 187) 


of  the  coordinate  of  the  elastic  center  of  gravity: 

l]  4-  /,  ( -f  A>)  r 1.|  | ffkU.,  + o . G I /»• ) 
top 


V.  ; 


M, 

(in  188) 


X,  - 0; 


the  central  moment  of  inertia  relative  to  axle/axis 


lm  * 0.67/]  + 0 , 'J98AAC1  f/j(  /]  j-2/,/?  j /?)? 

+3.|IA/?(  /,+ 0.6(A>)*  (10  189) 


the 
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calculated  thermal  elongation  along  X-axis 

4x=>oA  IB  MM.  (10.190) 

The  forces  of  elastic  deformation  the  maximum  bending 
moment  are  determined  from  fornular:  ( 10.  168)  - (10.  170)  . 


The  bending  compensating  stresses  are  determined  on  the 
back  of  compensator  on  branch/removal  according  to  formula 
(10.171),  and  at  points  A and  3 - according  to  formula 

(10.  172)  . 


(J-shaped  section  of  cond  uit/m  an  i f ol  d with  welded 
branch/removals  without  the  adjacent.  arms. 
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Key:  (1).  kgf. 

the  maximum  bending  moment  wi^h  v0  ^ 0.5H  and  y0  >, 

0.  5H  is  determined  from  formulas  (10,169)  and  (10.170), 
tending  compensating  stresses  is  determined  on  the  back  of 
compensator  according  to  formula  (10,185),  and  at  points  A 
and  B - according  to  formula  (10.186). 

For  the  facilitation  of  labor-consum ing  calculations  for 
the  compensation  for  the  thermal  elongations  of  the  sections 
of  conduit/manifolds  with  U-shaped  compensators,  are 
constructed  the  nomograms  in  which  the  flight  of  compensator 
and  the  force  of  elastic  deformation  are  determined 
depending  on  the  value  of  calculated  thermal  elongation  Ax 
and  of  the  size/dimension  of  the  hack  of  compensator  B. 
Nomograms  for  the  calculation  of  compensators  with  the  bent 
smooth  branch/removals  (see  Fig.  10.4  3)  are  given  in  Fig. 
10.48-10-68  and  with  welded  br anch/temova Is  (see  Fig.  10.45) 
are  given  in  Fig.  to  10.69-10.81.  The*  latter  it  is 
Fossible  to  use,  also,  for  the  calculation  of  compensators 
with  sharply  bent  branch/removals- 
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Nomograms  are  constructed  without  taking  into  account 
preliminary  bracing  of  compensators  (when  value  e-i)  and 

under  the  condition  of  the  eguality  of  the  adjacent  free 
arms,  considered  in  calculation  on  both  sides  of 
compensator. 

During  the  compilation  of  nomograms,  it  is  accepted: 


a)  the  permissible  bending  compensating  stress  on  the 

tack  of  compensator  in  cold  state  -m  kgf/nm?; 

b)  the  modulus  of  elasticity  of  tube  steel  at  the 

temperature  of  the  mall  of  tube  20°C  E = 2.05»106  in 

kg/cm? ; 

c)  the  length  of  the  adjacent  free  arms,  considered  in 

calculation  from  each  side  of  compensator,  i„-40Dy  in  m; 

d)  for  nomograms  with  welded  fcr anch/removals  the 

slenderness  ratio  of  branch/removals  and  the  stress 
concentration  factor,  egual  to  unity  (k  = 1,  m = 1),  but 

a radius  of  the  axle/axis  of  branch/removal  by  the 
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conditionally  equal  to  zero  (R  = C)  ; 


e)  for  nomograms  with  the  bent  smooth 
the  slenderness  ratio  of  branch/r emcv als  k 
concentration  factor  in  of  table  10.13,  but 
axle/axis  of  branch/removal  - indicated  on 


branch/r cm ovals 
the  stress 
a radius  of  the 
nomograms  ; 


f)  the  wall  thicknesses  of  tubes  s the  moments  of 
resistance  of  the  cross  section  of  the  walls  of  tubes  W, 
indicated  on  nomograms. 


In  connection  with  the  fact  that  of  nomogram  are 
constructed  without  taking  into  account  of  the  preliminary 
bracing  of  compensators,  for  the  use  of  nomograms,  is 
determined  the  calculated  thermal  elongation  of  the  designed 
section  of  the  conduit/manifold: 


50  o/o 


with 

the  value  of 

the  prelimi 

nary  bracing,  equal 

of 

total  thermal 

elongation 

cf  section  (A  1)  ; 

0 

\ npM  t < 250°  C 

= 0,.j SI  MM\ 

<10. 193* 

Q npM  t OT  250  JO  W c 

Ax, -=0,6 Si  mm\ 

(10.1941 

(y  npii  / OT  .too  .TO  400“  c 

Ax„  =0,7 11  mm. 

(10.1951 

to 


Key:  (1) 


with 
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where  A/  is  complete  thermal  elongation  cf  the  calculated 
section  of  condu it/manif old  in  mm  [see  formula  {10.39)  ] ; 

with  the  value  of  the  preliminary  bracing,  equal  to 
lOOo/o  of  complete  thermal  elongation  (40)  with  t >/  400°C 

if  the  permissible  bending  compensating  stress  on  the 
back  of  compensator  i£  less  or  mere  than  11 

kgf/mra2,  the  dimensions  of  compensator  are  determined 
according  to  nomograms  during  the  calculated  thermal 
elongation,  determined  according  to  the  formula 

A x,  =»  A Jt„  — — — mm,  (10.197i 


where  Ax,  is  the  calculated  thermal  elongation,  obtained 
from  formulas  (1 0. 1 93) is  ( 10. 196)  in  mm,  and  the  force  of 
elastic  deformation,  obtained  from  nomograms,  recount  by  the 
formula 


(10.198) 


)<<•'  q I-  t Or\  Vc  i « f 

where  P»  - force  of  elastic  deformation,  obtained 
nomograms,  \r\  4on-  -fon-e. 


the 


Fiy.  10.47.  (J-shaped  section  of  cond  u it/raa  nif  old  with  welded 
fct  ancli/removals  without  adjacent  arms. 
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Fig.  10.48.  Nomogram  for  the  calculation  of  U-shaped 
compensator  with  the  bent  smooth  fc ranch/re nova Is. 

<—.5  mm:  #J-I50jui: 

Key:  (1).  Span  of  compensator  in  m.  (2).  Calculated  thermal 


Fig.  10.49.  Nonograa  for  the  calculation  of  U-shaped 
compensator  with  tke  bent  smooth  fcranch/r eaowals. 

^■>u.  t.lliu 


Key:  (1).  Span  of  compensator  in  m.  (2).  Calculated  thermal 

elongation  in  an.  (3).  Force  of  elastic  deformation  in 
ton-force. 


t 
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elongation  in  mm.  (3).  Force  of  elastic  deformation  in 
ton-force. 


Fig.  10.51.  Nomogram  for  the  calculation  cf  U-shaped 
compensator  with  the  bent  smooth  t ra nch/r e nova  Is 

n,  — • — l.l mm;  It— mo  mm.  r — »,«? rjr* 

Key:  (1).  Span  of  compensator  in  m.  (2).  Calculated  thermal 

elongation  im  mm.  (3).  Force  of  elastic  deformation  in 


ton- force, 


page  214. 


Fig.  10.52.  Nomogram  for  the  calculation  of  U-shaped 
compensator  with  the  bent  snooth  fcranch/removals 


h *■  ,H  **  »»  u - X**  mm  U «•  n.NrW* 
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Key:  (1).  Span  of  compensator  in  m.  (2)  . Calculated 

elongation  in  mo.  (3).  Force  of  elastic  deformation 

ton-  force. 


Fig.  10.53.  Nomogram  for  the  calculation  of  U-shaped 
compensator  with  the  bent  smooth  fcranch/r emovals 

^ * 'M®».  H tXilMm  tt'  • 11,1m' 

Key:  (1).  Span  of  compensator  in  m.  (2).  Calculated 

elongation  in  mm.  (3).  Force  of  elastic  deformation 


thermal 

in 


t hemal 
in 


ton-force, 
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elongation 

ton- f orce. 


Fig.  10.55 
compensator 

Kmj: 

elongation 


PACE 

Span  of  componsatoL  in  m.  (2).  Calculated  thermal 
in  mm.  (3).  Force  ot  elastic  deformation  in 


. Nomogram  for  the  calculation  of  u-shaped 
eith  the  bent  smooth  branch/removals 

O,  ■ IM  M;  •••  4 mm,  RmSOHarn.  «•.&),  tea' 

Span  of  compensator  in  m.  (2).  Calculated  thermal 
in  an.  (3).  Force  of  elastic  deformation  in 


ton- force 
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elongation 

ton-f  orc«>. 


Fiy.  10.57 
compensa tor 

K«y:  (1). 

elongation 


*<.iA 


in  mm.  (3).  Force  of  elastic  deformation  in 


Nomogram  for  the  calculation  cf  U-shapes 
with  the  bent  smooth  fra nch/r f nova  Is 

•«•*««.  K m Tin  MM.  r « l»f  f* 

Span  of  compensator  in  m.  (2).  Calculated  thermal 
in  ma.  (1).  force  of  elastic  deformation  in 


ten- force. 
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Page  217. 


VM 

• 

—a 

O 

t 

CD 

t 

Nomogram 

for 

the  calculation  cf-shaped 

compensator 

with  the 

bent 

seooth  tranch/reaovals 

» IM  JtJf , 1 

— 1mm.  k/-  mu  mm.  w—;uitj? 

Key:  (1).  Span  of  compensator  in  m.  (2).  Calculated 


t.  hermal 
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elongation 

ton-force. 


Fig.  10.59, 

compensator 

*•7:  0). 

elongation 


in  mm.  (3).  Force  of  elastic  deformation  in 


Nomogram  for  the  calculation  of  U-shaped 
vitk  the  bent  smooth  Iranch/removals 

/J,  — • — 6 mm,  k — UOmji;  *-«*;«* 

Span  of  coapensator  in  in.  (2).  Calculated  thermal 
ia  aa.  (3).  Force  of  elastic  deforaation  in 


ton- force 
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Fig.  10.60.  Nomogram  for  the  calculation  cf  U-shaped 
compensator  with  the  bent  smooth  tranch/removals 


— *•»  *»■  » - 7 **;  * - KM)  MM.  * ^ 5J9  ( 


Key:  (1).  Span  of  compensator  in  m.  (2).  Calculated  thermal 
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elongation  in  mm.  (3).  Force  of  elastic  deformation  in 
ton- force. 


Pig.  10.61.  Nomogram  for  the  calculation  cf  U-shaped 
compensator  with  the  bent  smooth  tranch/removals 

— 171  ju;  • « 7 mm;  R — laou  mm.  W — J7tc«* 

Key:  (1).  Span  of  compensator  in  a.  (2).  Calculated  thermal 

elongation  ia  mm.  (3).  Force  of  elastic  deformation  in 
ton- force. 
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Fig.  10.62 
compensator 

(1). 


Noiograa  for  the  calculation  of  U-shaped 

with  the  bent  saooth  fcranch/rc aovals 

n(  — 27)  mm,  «-»**;  -4»r«* 

Span  of  compensator  in  nu 


Key: 


(2).  Calculated  thermal 
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elongation  in  ram.  (3).  Force  of  clastic  deformation  in 
t on- force. 


Fig.  10-63.  Koiogram  for  the  calculation  of  U-shaped 
compensator  with  the  bent  smooth  Ira nch/re royals 


/»„  - m MM,  |.l  MM. 

h - imi  mm,  r — «« ru- 

K«y: (D- 

Span  of 

conpensator 

in  nu  (2)  . 

Calcnlattd 

t her ma 1 

elongation 

in  an- 

( 3)  . Force 

of  elastic 

deformation 

in 

ton- force. 
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Fig.  10.64.  Nomogram  for  the  calculation  of  fJ-shaped 
compensator  with  the  bent  smooth  tranch/r emowa Is 

I - 9 ...  H — 1 _•'*(  MM.  r ■=  «7  CM' 


Key:  (1).  Span  of  compensator  in  m.  (2).  Calculatad  thermal 


DOC 


78009413 


PAGE 


elongation  in  mm.  (3).  Force  of  elastic  deformation  in 

ton- force. 


Fig.  10.65.  Nomogram  for  the  calculation  of  U-shaped 
compensator  with  the  bent  seooth  hranch/r e novels 

Of-317MM.  I -9mm.  H-ISIUMM.  H «.  MU  r J,i 

Key:  (1).  Span  of  compensator  in  m.  (2).  Calculated  thermal 

elongation  in  mm.  (3).  Force  of  elastic  deformation  in 


ton-  force, 
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elongation  in  mn.  (3).  Force  of  elastic  deformation 
ton-force. 


Fig.  10.67.  Nomogram  for  the  calculation  ot  U-shaped 
compensator  with  the  bent  smooth  tranch/r emovals 

l>t  - «1  MM,  t—  V MM.  H—IWmM.  f.lMtH1 

Key:  (1).  span  of  compensator  in  m.  (2).  Calculated 

elongation  in  mm.  (3).  Force  of  elastic  deformation 
ton- force. 


t hemal 
in 
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elongation  in  ran.  (3).  porCe  of  clastic  def or mat  ion 
ton- force. 


Fig.  10.69.  Nonogram  for  the  calculation  of  0-shaped 
compensator  with  the  welded  btanch/reBovals 

/»M  — I /■■*  urn.  t-4.Htm-  iim‘ 

Key:  (1).  Span  of  compensator  in  m.  (2).  Calculated 

elongation  in  nn.  {3>*  Force  of  elastic  defornation 


t her nal 
in 


ton-force 
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Pig.  10.71 
compensator 

K«y:  (1). 

elongation 


Noaograa  for  the  calculation  of  U-shaped 

with  the  welded  br auch/renova Is 

• — T MM,  W — 271  cm* 

Span  of  coapenaator  in  n.  (2).  Calculated  theraal 
n (3).  force  of  elastic  deformation  in 


ton-force 
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* 

elongation  in  ran.  (3).  Force  ot  < lastic  deformation  in 
ton-force. 


Fig.  10.7  3.  Nomogram  for  the  calculation  of  U-shaped 
compensator  with  the  welded  br anch/reaovals 


Key:  (1).  Span  of  compensator  in  m.  (2).  calculated  thermal 

elongation  in  mm.  (3).  Force  of  elastic  deformation  in 
ton- force. 
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thermal  elongation  in  mm.  (3).  KOfc->  ol  elastic  deformation 
in  ton-force. 


pig.  10.75.  Nomogram  for  the  calculation  of  U-shaped 
compensator  with  the  welded  br anch/remova Is 

D'  — vimm.  i«ik  r — m*««* 

Key:  (1).  Span  of  compensator  in  m.  (2).  Calculated  thermal 

elongation  im  am.  (3).  Force  of  elastic  deformation  im 


ton-force, 
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elongation  in  mu.  (3).  Force  of  elastic  deformation  in 
ton-force. 


pig.  10.77.  loaoqraa  for  the  calculation  of  U-shaped 
compensator  with  the  Melded  branch/removals 

Ou  — brio  MM.  I — 7 MM  * — *U*  «** 

Key:  (1).  Spaa  of  compensator  in  ma.  (2).  Calculated 

thermal  elongation  in  sa.  (3).  Force  of  elastic  deformation 


in  ton- force, 
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?iy.  1&78.  Noaiog  ra®  for  the  calculation  of  U-shapel 
corapensato r with  the  welded  branch/removals 

l>u  — IX)  MM.  • - 1 MM.  U «■  -tW  Ct? 


Key:  (1).  Span  of  compensator  in  ra.  (2).  Calculated  thermal 
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elongation  in  mb.  (3).  Force  ot  elastic  deformation  in 
ton-f orce. 


Fig.  10.79.  Noaograa  for  the  calculation  of  U-shaped 
compensator  with  the  welded  hranch/remova Is 

dm  ' ««.  *'-4IOi>  rm% 

Key:  (1).  Span  of  compensator  in  m.  (2).  Calculated  thermal 

elongation  in  nn.  (3).  Force  of  elastic  deformation  in 
ten- force. 
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Page  229. 

With  the  assigned/prescribed  dimensions  of  compensator 
according  to  the  scale  of  nomograms  for  calculated  thermal 
elongation  (ix.)  they  determine  its  calculated  conpensation 

capacity  A*,,,  accepting 

A**.,  — Ar,  MM  . 

According  to  the  value  of  the  calculated  compensation 

capacity  of  compensator,  is  determined  the  complete  thermal 
elongation,  which  can  compensate  for  the  compensator  of  the 
assigned/prescribed  dimensions,  by  + ne  formulas: 


with  amount 
complete  thermal 


of  preliminary 
elonga  tion: 


bracing. 


cluster  50o/o  of 


I dnpti  I < 2Uj°C 

A/  — 2Axa.,  mm; 
in  t or  2."j0  jo  30 0*  C 
/nA7  — 1,67  A^  mm; 
npti  I or  300  jo  400*  C 
A/  — t ,43Axa.K  mm; 


Sh 


(10.199) 

(10.200) 
(10.201) 
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Key:  (1).  with 


with  the  value  of  the  preliminary  bracing,  equal  to 
100  o/o  of  complete  thermal  elongation  with  t >y  400°C 

At  **  Ax*.k  mm.  (W.  J02i 

The  permissible  distance  between  fixed  supports  is 

determined  from  the  formula 

L = - ^ 

o)  (I0.2U1) 


The  force  of  elastic 
to  nomograms  according  to 
of  compensator. 


deformation  is  determined  according 
the  assigned/prescribed  dimensions 


If  the  permissible  bending  compensating  stress  on  the 
back  of  compensator  is  mere  or  less  than  11 

kg  f/mm?,  the  calculated  compensation  capacity  of  compensator 
determined  by  nomogram,  they  recount  by  the  formula 

0"'K 

AV«  ~ „ j"*  mm,  (10.204) 

and  the  force  of  elastic  deformation,  determined  by 
nomograms,  they  recount  by  formula  (10.198). 


with  the  assigned/prescribed  dimensions  of  compensator 
and  the  known  value  of  the  complete  thermal  elongation  of 
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where  />*  is  force  of  elastic  deformation  of  compensator  in 
tcn-force,  determined  by  nomogram  with  the  assigned/prescribed 
dimensions  of  compensator; 


a*„.K  is  the  calculated  compensation  capacity  of  compensator 
in  mm,  determined  by  nomogram  with  the  assigned/prescribed 
dimensions  of  compensator; 

Ax„  - the  calculated  thermal  elongation  in  ram,  detprmined 

by  formulas  (10. 1 93) is  ( 10. 196) . 

The  bending  compensating  stress  on  the  sections, 
adjacent  to  U-shaped  compensator,  according  to  nomograms  they 


I 
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do  not  determine,  but  they  calculate  in  case  of  necessity 
according  to  formulas  (10.172),  (10.171)  and  (10. 180) . 


At  the  length  of  the  adjacent  f too  arms,  considered 

calculation,  not  equal  to  the  taken  value  during  the 
compilation  of  nomograms,  i.e.,  when  ia<M)Vy.  if  is  possibl 
to  Use  the  given  nomograms  with  the  inti  '<*  .ctlon  of 
correction  factors  for  the  valu<  or  tn«  compensation 
capacity  of  compensator,  the  force  of  elastic  deformation 
and  not  calculated  thermal  elongation,  which  are  accepted 
according  to  table  (10.24). 


Unknown  values  are  determined 


from  the  formulas: 


Ax».«  ” i'u  *1  MM 

. * A*, 

4.1',— mm; 

/’*  =*  P,  « jU, 


(10.207) 

(10.208) 
(10.209) 


Key:  (1).  ton-force. 


During  a change  in  the  wall  thickness  of  tube  for 
0-shaped  compensators  with  welded  Lra nch/removals,  the 
dimensions  of  compensator  define  according  t0  nomogram,  as 
it  is  stated  above,  and  the  force  of  elastic  deformation 
recount  by  the  formula 
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K - ^ & (10.210) 


Key:  (1).  ton-force. 

where  />*  is  the  force  of  elastic  deformation,  determined 
by  nomogram,  in  ton-force; 


w - 

t he 

moment  of 

resistance  of 

t h <* 

cross  s 

ectiorj  of 

the 

wall 

of 

tube  with 

the  wall  t h ick  r 

es  a 

of  the 

tube  for 

which 

is 

constructed 

the  nomogram. 

i n 

cm  3 ; 

w»  - 

t he 

moment  of 

resistance  of 

t h«* 

cress 

section  of 

the 

wall 

of 

tube  with 

the  assigned/pr* 

scribed  wall 

thickness 

of 

tube 

in 

cm  3. 

During  a change  in  the  wall  thicicness  of  tube  and 
radii  of  the  axle/axis  of  branch/removals  for  U-shaped 
compensators  with  the  bent  smooth  tr  a nch/removais,  it.  is  not 
possible  to  use  nomograms,  but  the  calculation  of 
compensator  one  should  produce  the  formulas. 
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Chapter  11. 


LOADS  ON  SUPPORTS  OP  PIPELINES- 


11.1.  Loads  on  Movable  supports. 


Loads  on 

aobile 

saddles 

are  subdivided  into 

vert ical 

and  horizontal 

and 

depend  on 

the  weight 

of  the 

section  of 

pipeline,  which 

is 

necessary 

to  support. 

an  d the 

type  of 

support. 

Vertical  load  ia  deterain«d  from  the  Corauia 

H,~ii  Ity,  <n-D 

where  g is  weight  1 a of  the  pipeline:  the  weight  of 


tube. 

insulation 

construction 

and  water 

(weight  of 

water 

for 

steaa 

lines  is 

considered  in 

connection 

with  the 

filling 

of 
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the*  with  water  during  hydraulic  test)  in  kgf; 

£ - the  flight/span  between  aov  able  supports  in  ■. 

Horizontal  Loads  appear  because  of  the  reaction  of  the 
friction  of  support  during  its  displacement/aoveaent  under 
the  effect  of  the  theraal  elongation  of  pipelines  and  are 

deterained  froa  the  foraala 

where  f is  the  coefficient  of  the  friction  of  aorable 
supports,  taken  in  table  11.1;  q - weight  1 a of  pipeline 

in  running  ordar:  the  weight  of  tube,  insulation 

construction  and  water  for  water  theraal  grid/networks  and 

condensate  pipings  (weight  of  water  in  steaa  lines  in  this 

case  is  not  considered)  in  kgf. 

where  A - theraal  displacenent  of  strap  support, 

arrange/located  in  the  middle  of  section  from  fixed  support 

to  coapensator,  equal  to  the  half  of  the  thermal  elongation 

of  this  section  of  pipeline,  in  aa; 

**  is  working  Length  of  draw  of  strap  support  in  aa. 

During  the  displaceaent/aoveaent  of  support  along  the 

I 


r 
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axis  of  the  route  of  the  straight  portion  of  pipeline, 

appears  only  axial  horizontal  load  Hr.:  equal  to  Hr- 

During  the  displacement/aovement  of  support  at  an  angle 
to  the  initial  axle/axis  of  pipeline,  for  exanple  on  the 
sections  of  auto/self-co»pensation  or  near  flexible 
compensators,  the  horizontal  load  H,  they  expand  to  two 

directions  according  to  the  lav  of  right-angled  triangle: 
axial  h,.9  - ia  the  direction  of  the  initial  axle/axis  of 

pipeline  and  side  are  perpendicular  to  initial 

axle/axis.  In  the  absence  of  the  data  on  the  direction  of 

the  displacement/moveaent  of  support,  it  is  allow/assused  to 
accept  axial  and  transverse  loads  each  equal  to  o,;//r.  With 


displacement 

of  support,  it 

is 

perpendicular  to 

tha 

in itial 

axle/axis  of 

pipeline,  for 

example  on  the  back 

of 

flexible 

compensators. 

appears  only 

side 

horizontal  load 

^1*6.  9 

equal 

to  Hr 

During  the  arrangenent/position  of  movable  support  in 
the  unit  of  pipelines,  additionally  are  considered  the 
weight  of  reinforcement,  gasket  conpensators,  and  also  the 
weight  of  the  adjacent  sections  of  the  branchas,  which  are 
necessary  to  this  support.  The  weight  of  branches  is 
determined  from  formula  (11.1),  but  with  coefficient  of  0.5, 


i 

i 


f'* 
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that  considers  weight  distribution  between  two  dispates. 

Por  decreass  in  the  Vertical  load  on  movable  support, 
is  reduced  flight/span  1 between  the  examined/oonsiiered  and 
nearest  to  it  supports  on  main  line  and  branches. 


11.2.  Loads  to  fixed  supports. 


Loads  on  fixed  saddles  are  subdivided  into  vartical  and 
horizontal. 

Vertical  loads  are  determined  from  formula  (11.1).  If 
fixed  support  is  placed  in  the  unit  of  pipelines,  the 

account  of  increment  loads  from  reinforcement,  gasket 
compensators,  etc.  is  produced  by  analogy  with  movable 
supports. 

Horizontal  loads  on  the  fixed  supports  of  pipelines 
appear  under  the  effect  of  the  following  forcasi 

friction  in  mobile  supports  during  the  thermaL 
elongation  of  the  pipeline,  laid  in  impassable  and 
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semiaccess  channels,  tunnels  it  is  above-grade: 

friction  in  gasket  compensators  during  the  -thermal 
elongation  of  pipeline; 

elastic  defamation  of  flexible  compensators  or 
auto/self-compensation  with  their  extension  in  cold  state  or 
during  the  thermal  elongation  of  pipeline; 

internal  pressure  during  the  application/us*  of  the 
unbalanced  gasket  compensators  (cut  pipelines). 

During  the  application/use  of  the  bent  compensators  of 
the  force  of  internal  pressure,  they  are  absorbed  by 
pipeline  and  to  fixed  support  are  not  transferred. 

During  setting  up  on  an  entire  route  of  the  balanced 
gasket  compensators  of  the  force  of  internal  pressure,  they 
are  balanced  by  the  very  construction  of  compensator  and 
also  they  are  not  transferred  to  fixed  support. 


■ 
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Table  11.1.  Coefficient  of  the  friction  of  movable 
supports . 


T**  u|o|| 


(jl  C«OJUfiMNc 

iu  KsTNOBtfC  llf)H  OC  eiOM  IICpCMCtttCHMN  TOVdo 

v np/»«oia . . 

KtTkoaMc  npM  Aokmmou  nepcMviuCNNM  TpyAo. 

/4|  ItcpiK  HIMKy.iapHO  ocm 

yrMoU  M OCN  . A 

nouecniM 


Kosip<pHU»lcMT 

TptMMB  M >4«M«NM1 

onop  / 


0.3 

0.15-0.3 

0.1 


note.  during  the  known  construction  of  strap  support 
the  coefficient  of  friction  is  determined  from  tha  formula 

"t- 

Key;  (1).  Type  of  supports.  (2).  Coefficient  of  the 
friction  of  novable  supports  f.  (3).  sliding.  («).  Roller 
during  the  axial  displacement  of  pipeline.  (5).  Roller 
during  the  gide  displacement  0f  pipeline  are  perpendicular 
to  axle/axis.  (6).  The  same,  at  an  angle  to  axle/axis.  (7) 
Suspension. 


Page  231. 


Porces  of  friction  in  movable  supports  are  determined 
from  the  forawin 

<11. D 

•here  g is  wslykt  1 m of  pipeline  is  running  ocier  in 


4 
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L = the  length  of  pipeline  fro*  fixed  support  to 
conpensator  or  fron  fixed  support  to  the  rotation  (during 
auto/self-coapensat ion)  in  a. 

Forces  of  friction  in  gasket  compensators  are  determined 


depending 

on 

tha 

operating  pressure  of  heat 

carrier. 

diaaeter 

of 

tube 

and  construction  of  gasket 

packing 

accord ing 

to 

tha 

f oraulas: 

(114) 

pe  =-ip-  l|D,/.1  KiC.  (II. ft) 

IM 

Cxec  /KjJ 

In  these  foraulas: 

Fm<1_  - the  operating  pressure  of  heat  carrier  in  kg/ca*; 
t*  “ length  of  a layer  of  packing  along  the  axis  of 
gasket  coapensator  in  ca;  Dz  is  a outside  diaaeter  of  the 
beaker/sleeve  of  gasket  coapensator  in  ca;  f - the 
coefficient  of  the  friction  of  packing  against  netal  are 
taken  aa  egnal  to  0. i5;  n - the  number  of  bolt3  of 
coapensator;  f«  In  an  area  of  transverse  section  of  packing 
in  c»*. 

The  cross-sectional  area  of  packing  is  determined  from 
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the  formula 

0,785  (D;  - Dj)  cm*,  (11.6) 

where  d3  is  a bore  of  the  housing  of  gasket  compensator 

in  cm. 

During  detar  minat  ion  Pc  from  formula  (11.5)  value 

i i*  taken  not  less  than  10  kg/cm*.  As  calculated 

/" 

they  accept  large  of  forces  Pc  obtained  forauias  (11/4)  and 

(11.5). 

For  determining  forces  of  friction  in  gasket 
compensators,  it  is  possible  to  use  graph  Fig.  of  11.1. 

The  forces  of  elastic  deformation  of  flexible 
compensators  and  sections  of  auto/sel  ^compensation  are 

determined  during  the  calculation  of  tubes  for  the 
compensation  for  thermal  elongations  in  accordance  with  the 
indications  of  chapter  10. 

The  forces  of  internal  pressure  are  transferred  only  tc 
those  fixed  supports  which  are  arrange/located  between  the 
unbalanced  gasket  compensator  and  the  rotation  of  tube, 
between  two  adjacent  sections  with  the  different  dLaneters 
of  gasket  coapensators  (transition  of  the  diameters  of 


l 

l 
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tubes) , on  section  with  catch  (with  its  coverage)  or  with 
plug/silencer. 

For  the  cases  of  the  arrangeaent/position  of  support  on 
section  with  tha  rotation  of  tube,  with  plug/silenr er  or 
catch  of  the  force  of  internal  pressure  they  iatecaine  fro\ 
the  foraula 

/Va  - 'W  ?c.H  *c.  (11.7) 

■here  is  tbs  operating  pressure  of  heat  carrier  in 

kg/ca*;  /'c«  is  a cross-sectional  area  throughout  the 
outside  diaaeter  of  the  beaker /sleeve  of  gasket  coapensator 
in  ca*. 

For  the  case  with  the  transition  of  the  disasters  of 
tubes  the  force  of  internal  pressure  is  deteraiaai  froa  the 
foraula 

P,.i  - * i-Fc.O  (>>.8) 

where  f«.„  is  an  area  according  to  the  outside  diaaeter 
of  the  beaker/sleove  of  the  gasket  coapensator  of  larger 
diaaeter  in  cn*j  ’ f,.«  is  the  sane,  saaller  diaaeter  in 
ce*« 

Force  direction  - to  the  side  of  the  saaller  diaaeter 


of  pipeline 
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The  forces  of  internal  pressure  for  gasket  c^n Pensators 
can  be  accepted  according  to  the  graphs  of  Pig.  11.2  and 

11.3. 

In  formulas  (11.%),  (11-7)  and  (11.8)  the  value  of 

operating  pressure  rv6  is  taken: 

for  steaa  lines  - on  initial  pressure  pair  on  tne 
collector/receptacle  of  source  of  heat; 

for  the  delivery  pipe  of  eater  theraal  gc ii/na tvorks  - 
on  the  greatest  pressure  in  pipeline  taking  into  account 
the  diffarence  in  the  narks  of  the  earth/ground  in  route; 

for  reverse/inverse  - in  the  greatest  possible  pressure 
in  pipeline  during  the  different  operating  nodes  taking  into 
account  area  relief  on  the  route  of  thernal  grid/network, 
but  not  less  than  10  kg/cn*; 

for  composite  condensate  pipings  - on  pressure  the  pair 
before  the  drainage  controller; 
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Fig.  11.2.  Graph  for  determining  he  force8  of  the  internal 
pressure  with  gasket  compensators  for  Dy  * 100-350  in 

-£s. 

Key:  (1).  orces  of  the  internal  pressure  P^  in  **•  (2). 

The  operating  pressure  of  heat-transfer  agent  in  kg/cm*. 


* « e v f€  nr  g 

Paio'ttt  Mnenut  mtn/iOKOCumt/ni^t  «IC/C"{PJ 


Fig.  11.3.  graph  for  determining  aehe  forces  of  the 

internal  pressure  mith  gasket  conpensators  for  Dy  ■ 

4 00-1000  aa. 

Key:  (1).  Forces  of  the  internal  pressure  Pg0  in  ns. 

(2).  The  operating  pressure  of  heat-transfer  agent  P g in  kg/cm2. 
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Tables  11*2-  The  summary  table  of  calculated  foraulas  foe 
d«t*rainin9  the  forces,  which  effect  on  fixed  saddles. 


(<> 
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Key:  (1).  Designation  of  loads.  (2).  The  factor,  calling  is 

the  Appearance  of  forces.  (3).  Designation  of  forces.  (4). 


Calculated  formulas.  (5).  pipeline  continued.  (6).  pipeline 
cut.  (7).  Notes.  (8).  Vertical.  (9).  Weight  of  pipeline. 
(10).  Gravitational  forces.  (11).  Horizontal  (axial  side). 

* (12).  Temperature  elongation  of  pipelines.  (13).  forces  of 

friction  in  mobile  supports.  (14).  kgf.  (15).  forces  of 
elastic  deformation  with  self-compensa  tion.  (16).  Forces  of 
elastic  deformation  with  0-  and  S-shaped  compensators-  (17). 
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Is  calculated  of  tubes  for  the  compensation  for  thermal 
elongations  (chapter  10).  (18).  Forces  of  friction  in  gasket 
compensators.  (19).  or.  (20).  In  calculation  they  consider 
large  of  the  obtained  forces.  (21).  Internal  pressure.  (22). 

The  unbalanced  forces  of  internal  pressure. 

OB'-  inj 

Page  233. 

Horizontal  loads  on  fixed  supports  are  subdivided  into 
axial  "<v>.  those  who  effect  along  the  axis  of  pipeline,  and 
side  tfr.a  - are  perpendicular  to  axle/axis.  Axial  loads  are 
transferred  to  all  the  fixed  supports,  side  - to  the  fixed 

supports,  which  are  placed  in  the  units  of  branches. 
Furthermore,  transverse  loads  are  transferred  with 
displacement  of  support  directly  before  the  rotation  of  tut>e 

with  self-compensation,  and  also  with  displacement  of  fixed 
support  on  to  the  angle  of  rotation  of  tube.  For  these 
supports  the  forces,  which  affect  along  the  axis  of 
pipelines,  they  expand  to  two  those  who  comprise  - along 
the  axle/axis  of  fixed  support  it  is  perpendicular  to  it. 

Fixed  supports  are  subdivided  into  end,  that  are  placed 

before  plug/silencer  or  the  rotation,  i-e.,  at  the  end  of 
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the  section  of  pipeline,  and  intermediates,  that  are  placed 
between  two  adjacent  sections. 

f 

k 

On  end  fixed  supports  horizontal  axial  loads  are 
determined  according  to  the  sum  of  the  forces*  which 
affecting  support  on  the  one  hand. 

Horizontal  axial  loads  on  inner  bearings  are  determined 
taking  into  account  all  acting  forces  on  both  sidas  of 
support.  In  this  case,  are  examined  all  the  possible 
conditions/modes  of  the  work  of  the  pipeline:  from  the  cold 

to  working  order  (at  the  calculated  temperature  of  heat 
carrier)  - heating  and  from  working  of  the  cold  state  of 

pipeline  - cooling;  this  is  connected  with  the  fact  that 
forces  of  friction  and  force  of  elastic  deformation  of 

flexible  compensators  and  angles  of  rotation  of  tubes  change 
their  direction  during  heating  and  during  cooling. 

For  the  facilitation  of  the  analysis  of  the  values  of 
the  loads,  which  effect  on  fixed  support  during  the 
different  conditions/modes  of  the  work  of  pipeline*  one 
should  construct  the  diagram/curves  of  each  of  the  acting 
forces. 
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During  the  deteraination  of  horizontal  axial  load  on 
support  for  each  conditions/aode  of  the  work,  of  the 
pipeline  of  the  forces,  which  effect  on  fixed  support  in 

one  direction,  they  store/add  up,  and  then  froa  the  larger 
su«  of  forces  deduct  smaller;  in  this  case,  taking  into 

account  probable  deviations  froa  calculated  values,  forces  of 
friction  and  force  of  elastic  deforaation  they  deduct  with 

coefficient  of  0.7  how  it  is  provided  a certain  reserve  in 

design  load  on  fixed  support. 

With  the  eguality  of  the  sub  of  the  forces,  which 
affect  support  from  both  sides,  as  calculated  is  accepted 
one  of  the  suas  with  coefficient  of  0. 3. 

The  aaxiaua  value  of  horizontal  loads  on  supports  are 

obtained  near  marginal  conditions  of  the  work  of  pipeline 

(beginning  and  the  end  of  the  heating  and  cooling) . In 

connection  with  this  calculation  formulas  comprise  only  for 
these  four  condit ions/modes.  As  calculated  horizontal  axial 
load  they  accept  aaxiaua  of  the  obtained  loads. 

For  illustration  is  given  an  example  of  the 
deter ainat ion  of  the  horizontal  axial  load,  which  effects  on 
interaediate  fixed  support,  for  the  circuit  of  the  section 
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of  pipeline,  given  to  Fig.  11.4,  with  the  U-shapei  16-100 
compensator,  carried  out  with  preliminary  bracing  in  cold 
state  to  the  half  of  the  complete  thermal  elongation  of 
section,  and  tha  L-shaped  section  of  auto/self-compe nsat ion, 
carried  out  without  preliminary  bracing  in  cold  state.  The 
calculated  temperature  of  heat  carrier  t = 150°C. 

The  determinations  of  horizontal  axial  loads  on  support 
from  the  diagraa/cur ve  of  forces  (Fig.  11.5)  compose 
calculation  formulas  for  basic  four  condit ions/aodes. 

Conditions/node  I: 

ffr.o 0.7/?.  ii;  (119) 

either 

H,. o =»  /?.  Ly.  -0.7  (P«  + /?:  Lx)  • (11  10) 

conditions/node  II: 

*r.o -/*«  + /«»*•.- 0.7 ('**  + /?.!«>:  Cil-m 

or 

H,.,  - F,  + /?.  1.  - 0.7  (P.  t /?.  1.)  • <"•»-> 

conditions/aode  III: 

«r..  - p.  + /?i  Lx  -0.7  (P„  + /?!  Lt) ; (11 .13) 

either 

Hr..  - P«  + /*i.  -0.7  (P,  + /?,(.,).  (11.11) 

comditioee/aode  IT: 

Wr.»  “ P«  +/? i fi  — 0,7/Vi  l. 


(11.15) 


or 

Hr*  = /*«  L*  - 0.7  (f\  + /vi  *-.)  • (t  l »6) 

The  analysis  of  the  obtained  calculation  formulas  shows 
that  the  value  of  load  on  fixed  support  of  foraulas 
(11.10);  (1l.11);  (11-14);  (11.16)  turns  out  considerably 

less  than  by  foraulas  (11.9)#  (11.12),  (11.13)  and  (11.15). 

Therefore  calculation  is  produced  only  by  last/latter  four 
foraulas.  Design  load  it  will  be  greatest  of  four  obtained 
values. 


If  about  fixed  support  is  establish/installed  close 
fitting  val*e,  horizontal  axial  load  on  support  is 
determined  with  the  open  and  closed  reinforcement. 


Pig.  11.**.  Diagtan  of  calculated  section  with  O-shaped 
compensator. 


Pig.  11.5.  The  diagran/curves  of  the  forces,  which  affect 
fixed  support,  for  the  different  conditions/modes  of  the 
work  of  the  pipeline 


I - will  begin  heatings;  II  - the  end  of  the  heating; 


* 


III  - the  beginning  of  cooling;  I*  is  an  end  of  the 


cooling. 


\lt^\  CO  (**)  c tfcu  > Co  ; 6) 
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Tables  11. 3.  Calculation  formulas  for  determination  and 
horizontal  axial  nr.o  and  side//r.«  loads  on  fixed  saddles. 
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Table 

11.3  is 

continued. 

Cic«»  pac-urni  i>»  n mcvkj 
rpyoisi'i’''*'  14 


D,  no  D, 
D *c  

l c.  _r> 

1 


D,  no 

Li,  JHz.,. 

13  I H,  no 


1 »»  a.  x Aea  tuiMAri  H IM 
UpH  ■ > r K |)I4  T U X 3J4U.UkJl 


npn  / . ->j«C 

Hr  o=  P|.  ij  f c.h+  *-*— 

"r.o^pae  pc,+  ',c  + 

+ /«.  t, -«.?/«,  L, 

npit  t 2*io*C 

"r.o’/Va8  fc..+  pc+'>x  + 

+ /y,  / L, 

wr.„-ppi6/rc.1.+  ',x+ 

+ /ys  /-,  m.7  ( />c+  tl} 

"r-6  - p„ 


Hr  o * rK+'«.  /-,-0.7/v,  t; 
Hf.o”  *-/«,  1,-0.7/J,  t, 

ion<<.iiii«rf  u.Mu  iipN  / < 

"f-o  " p,+  '«i 

-0.7(/>K+/f,  i.,) 

'Vo 

-0.7(/>k+ 

10ll<..lHMTC.:l.H  « llpM  / • ’J.VJ*C 
7/r.o  " '’x*  *-i-  0.7/*t  *-t 

l7r.o*^+^i  ^-0  7/ft 


Pjc-irTNue  4»«  PMJTJM 


(5/  npH  taK|>MfMt  miH«ui 


jyicaue  cifMU  Ten.*<j*ux  Koxbu*  «ur  (kmii  ti-ii  ’ »ux 
((,)  ceItf*  r7;  cct<h  u[  h /Vj  Lt t 


l'cu~Pc+Pr>6  Pt.u+ 
+ h,  L. 

" r-o - p,+  L, 


Hr  o~  '’k"*"  1*1  1 

"r-o  =Px+l<xLi 
»r.6'py 


'r.o-'V'piO  rc  » 
■f/«,i.,+  /*x+/y2  /.. 


■f  /< 7*  7-1  + fy.-T-s 


Hr.o~PMiH'iLt- 

~°-7{Pit+  »,  Lt) 

"r  *~p.t+IULt- 
-°  UPMi+»i  L,) 
Urn,  - ptx+  'V  Ll~ 

Mr.o=Px.+  '«,i-|- 

-<+7  (!>„+/«,  t.) 

ui  cxcmu  18  a 

«r.fi-V-°-7V 

111  CXCMU  1*5 
"r.8=  '’y.+  ^y. 


,7r-o—  p<t+  tlx  V 
'Vo™  ;'xX+  1*1  V 
"r-8™  Pyl 

"r4«V 


Hr.o=  PxiT  Pxi+ 
+ /yi  7-i+  ly+i 
P„.+ 


Hr.o-PM+"L 

«r4-  P, 


ISNnsI 


DOC  = 78009414 

PAGE  rj 

f 

T|>y6«npoivii 


(*J  PacscTM ut 


W J (l>  npn  4«Kpi4TUt  UHMAkJl 


»p*  MTapMrui  )|J*NAM1  jystiuf  nrvu  Trn.ioaux 

(4.  ) «Tl* 


^ «>a..pa  pacnu.iojfeHa  no  6hcc«ktphcc  yr.ia  7 


inn  — 1 
T*  "~ 


Y 


„ Hr.o* 0 Hr.„  c°»  T,: 

Wrot”"r.ocu*T| 

II r .oy “ 'Vc“  Hl ■"»  “ Hr  6 “ Wr  o *•"  11 

( y/r.o  + Hr_«,)  It  Hr.ox  = wr.u  CL*  V 

^r.oy  a ^r.6  **  ^r.o  *®n  T4 


3n«mchm«  A/f>0  onpexejiaior  no  ipopuyaaM  ji.u  cmh  I.  2,  3.  9,  13,  14 

f It)  * m 

' 3nase»ma  //r  Q m Wr  0 onpeacjitm  no  4>opi«y.iaw  jut 
CXCM  4,  5.  10 


(/£)  Hen«iaaann  on>>pa  pacno.ioxeHa  no  6HceckTpnce  yr.ia  j 

180  - t 

• i— r1 


yJis  w Hr  ox  =*  //r  0 foa  7t: 

CjnorrjKOSvfj  u/iu  n-OOpavmu  //r  „ = Hr  ^co%\%±  />  aln  t, 

.awwnt-ffiNP  * ° . y . ’ Hr  ,,,  - H,  .*  - Hr.u  .In  7, 

V'''V\TiV  D>  ,lrn^Hr6^  "r.o+Hr.o)  X c«7,i 


X »l"l,+ V°*T>  ± V'"1,:  Hr.ov-wr.0= 

“ Hr.0  .In  7t+  Py  co»  7( 


jHaornna  //f  0 nnptat-taioT  no  cpopay.ie  j.ia  cm  15,  16.  7 
v / T/  • » 

3HaieMMt  //r  0 m /fr  0 onpeiejiainT  no  ipopuyjia* 
in  cxen  4.  S,  10.  19 


ir*£ai 


■e  xemjRHXHuv  < n<-py  pacnojoaccHH  iia  tawioM  rpyC«  npctoxc  nefnttuMKy.iapHo  hcm  Tpy om 


• / onp«iel«or  no  ^opMjrjaia  uia  eie*  4,  S.  10 


DOC  = 78009414 


PAGE  ST  if 


Motes:  1.  With  several  calculation  formulas  for  one 

circuit  (for  example,  circuit  13)  value  determination  of 
horizontal  loads  on  fixed  support  is  produced  by  all  given 
formulas,  and  as  calculated  they  accept  large  of  the 
obtained  loads. 

2.  For  piping  diagrams  vith  catch  on  designed  section 

of  pipeline  as  calculated  horizontal  load  on  fixed  support, 
accept  large  of  loads,  obtained  with  design  of  circuits 
with  open  and  closed  catch- 

3.  During  compilation  of  calculation  formulas,  it  is 

considered  that  U-shaped  compensators  were  carried  out  with 
bracing  to  value,  indicated  in  chapter  10,  and  sections  of 

pipelines  with  auto/self-compensation  were  carried  out  without 
preliminary  bracing. 

4.  Difference  in  calculation  formulas  for  t < 250°C 

and  t > 250°C  (for  example,  circuit  15)  is  explained 

account  of  phenomenon  of  relaxation  at  temperature  of  wall 

of  tube  more  than  250<>c  (see  Chapter  10). 


■ 
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Key:  (1).  No.  circuits.  (2).  Circuit  of  the  calculated 


section  of  pipeline.  (3).  Calculation  foraulas.  (4).  for 
circuits  without  catches  or  with  the  open  catches.  (5)  • 
with  closed  catches.  (6).  the  radiation  circuits  of  thernal 
grid/networks.  (7).  circular  circuit  of  theraal  grid/networks 
with  d4  Dj.  (8)  . Fi»ed  support  is  arrange/located  on  the 

bisector  of  angled  (9).  Gasket  or  0-shaped  compensator. 

(10) .  Values  Hr<r0  are  deterained  fro  a foraulas  for  circuits. 

4 >• 

(11) .  Values  Hr>0  and  Hr>  0 are  deterained  froa  foraulas  for 
circuits.  (12).  Fixed  support  is  arrange/located  on  the 
bisector  of  angled  (13).  Values  Hr„0  are  deterained  from 
formula  for  circuits.  (14).  Values  H r.  0 and  Hr.a  are 
deterained  froa  foraulas  for  circuits.  (15).  T»o  Statospores 
are  arrange/located  on  each  Pipeline  perpendicular  to  the 
axl®/axis  of  tube.  (16).  they  deteraine  froa  foraulas  for 
circuits. 
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Table  11.4.  Horizontal  loads  in  ton-force  on  fixed  supports 
from  one  pipeline  of  the  water  thermal  grid/networks  Ppa6  = 16 
kg/cm^,  t = 150°C  with  above-grade  packing  and  the  specific 
weight  of  basic  insulating  layer  V = 300  kg/ra^. 
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Mote.  For  circuits  with  catches. 

horizontal 

axial  load 

on 

support  is  determined  with  closed 

catch 

and 

the  supply 

\ 

W 

of 

heat  carrier  from  left  side. 

Key : 

(1).  Circuit  of  the  calculated 

section 

Of 

Pipeline. 

(2). 

Calculation  formulas  for  Hr<  0 or 

Hr.** 

(3). 

L in  m. 

(4). 

Loads  with  internal  diameter  D 

kF 

in  mm. 

(5| 

. Ty  pe  of 

supports.  (6).  Roller.  (7)  Shipping. 
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Table  11.5.  Horizontal  loads  in  ton-force  on  fixed  supports 

2 

from  one  steam  line  w 13  kg/cm  , t = 300°C  with  above- 
grade packing  and  the  specific  weight  of  basic  insulating 
layer  of  yu3  = 300  kg/m^ . 
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Tables  11.5.  Continued. 
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Mote.  For  circuits  with  catches,  horizontal  axial  load 
on  support  is  determined  with  the  closed  catch  also  of  the 
supplies  of  heat  carrier  froa  left  side. 


Key: 
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In  the  latter  case  the  calculation  is  performed  without 

taking  into  account  of  the  counteraction  of  section, 
arrange/located  along  another  side  of  reinforcement,  on  the 
basis  of  the  condition  of  the  possibility  of  the  supply  of 
heat  carrier  from  one  or  on  the  other  hand. 

Counter  action  of  the  section,  arrange/located  along 
another  side  of  reinforcement,  one  should  consider  only  for 
the  ring  circuits  when  can  occur  the  warning  up  of  the 
section  of  pipeline  along  one  side  of  reinforcement  and  is 

simultaneous  cooling  section  along  another  side,  i.a.,  when 
forces  affecting  the  fixed  support  of  both  sections,  are 
totaled. 

Side  horizontal  loads  on  fixed  saddles  from  branches 
are  defined  along  the  axis  of  the  pipeline  of  branch  as 
for  end  support. 

For  the  most  widely  used  cases  of  piping  diagrams,  are" 

comprised  calculation  formulas  for  determining  the  horizontal 
loads,  which  effect  on  fixed  saddles  (tables  11.3). 

I 

I i 
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For  soae  circuits  table  11. 4-11. 7 gives  values  of 
horizontal  loads  on  fixed  supports  for  the  above-grade 
packing  of  thermal  grid/networks  with  the  paraneters  of  the 
boat  carriers:  pairs  * 13  kg/ca*,  t - 300°C  and 

vatsr  « 16  kg/ca*  and  t = I50°c. 


Example  X.  To  deteraine  horizontal  axial  load  affectig 
fixed  saddle  «„»■  * 630  x 7 an.  The  circuit  of  calculated 

section  is  given  on  Pig.  11.6.  Heat  carrier  is  water  V«‘ 

* 16  kg/cs*.  Packing  in  inpassable  channel.  Supports 

sliding.  Height  1 a of  pipeline  with  water  and  insolstios 
construction  q * 523  kj/»«  Angle  y ~ 15Q#C.  Fixed  support 
is  arr*nge/loCat®d  on  the  bisector  of  angle. 


Solution.  Calculated  forsulas  are  accepted  according  to 
circuit  2<J  tables. 


11.3.  Value  and  is  deter  ained  froa  foraula 

for  circait  5: 

“ K ..  +*l  + 

pc  * 13  ton-force  on  curve/graph  Fig.  of  11.1;  fql» 

523*0»  3*100*1 5#  700  kgf,  or  approxiuately  15  ton-force; 

’ m 40.6  ton-force  on  curve/graph  Fig.  11.3. 


1 
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Thus,  « 13*»9*16+78  ton-force.  He 

detec  sin*  value  *r<0  by  foe  aula  foe  circuit  2 

Hr,  j - 0.3  ( Pc  + /«/-)  - 0.3  (13+10)  - 1.7  ^5" - 

We  determine  force  component  «bich  acts  along  the 
axle/axis  of  stationary  support  "W  and  is  perpendicular 

to  it  <Wr..,y): 

T,-  0.7  ic»  I3»  - ».» 

“ ("r.„  + Mr„)  »'»  T,  - (■*+*•>  «*  - M tS. 


Fig-  11.6.  Circuit  of  calculated  section. 


Jb 

I 

£ 
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Tables  11.6.  Horizontal  loads  in  ton-force  on  fixed  aupports 
froa  one  pipeline  of  the  water  theraal  grid/network»  f<“*  * 

16  kg/cn*;  t = 150°C  with  above-grade  packing  and  the 

specific  weight  of  basic  insulating  layer  of  * 300 

k5/a*. 


Citvi  ymm 


fi.r'I  9 i - 


| - j - 1 - - 

CniMbiaMw^j  0,1  j 0,1  0,1  0.1 


o.l 

0.2 

0.2 

“ 

n 

20 

n 
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Rote.  For  circuits  with  catches,  axial  load  on  support  is 
determined  with  closed  catch  and  the  supply  of  haat  carrier 
from  right  side. 

Key:  (1).  Circuit  of  the  calculated  section  of  pipeline. 


(2). 

Calculation 

formulas 

for  Hr 
1*0 

and  nrg  . 

(3)  . 

L in  a . 

(*). 

Loads  with 

internal 

diameter 

D^y  in  mm. 

(5)  . 

TY  pe  of 

supports.  (6).  Roller.  (7).  Sliding. 
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Tables  11.7.  Horizontal  loads  in  ton-fo^ce  on  fixed  supports 
froi  one  steaa  line  * 13  kg/cn2,  t - 300°  C with 

above-grade  packing  and  the  epecific  weight  of  basic 
insulating  layer  of  ft.  * 300  kg /a*. 
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Mote 

. Por 

circuits  with  catches. 

horizontal 

axial  Load  on 

support  is 

deter  n ined 

with 

closed 

catch  and 

to  tha  supply 

of 

heat  carrier  from 

it 

is  right 

side* 

Key: 

(1). 

Circuit  of 

the 

calculated  section 

of  pipeline. 

(2). 

Calculation  formulas 

for  Hr#0 

and  H,_g  . 

(3).  L in  m. 

(ft). 

Loads 

with  internal 

diameter 

Dy  in  am. 

(5).  Type  of 

supports.  (6).  Roller.  (7).  sliding. 
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Section  III- 


LAVlWG  op  THEHhAl  networks 


Chapter  12. 


overall  questions  oe  PACKING. 


12.1.  General  considerations. 


For  theraal  grid/net works  are  applied  the  following 
basic  aethods  of  packing: 

underground  packing  is  channel- free;  in  inpassable 
channels:  in  seaiaccess  channels,  in  tunnels  (passage 
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channels);  in  coanon/geiieral/total  col  lectoc/r®cePtacle  s 
together  “ith  other  coeaueications;  in  the  technical 
corridors  of  basements  and  the  technical  undergrounds  of 
tuildinos; 

above-grade  packing  - on  piers  with  span  structure  or 

1 

on  the  separate  high  supports  (nasts)  ; on  low  supports 
(columns,  ties,  etc.);  on  walls  within  or  outside  buildings. 


For  the  habitable  city  districs  and  populated  places, 
on  the  basis  of  architectural  considerations,  is  applied 
underground  applying  of  theraal  grid/networks. 


Above-grade  packing  in  residential  areas  is  applied  as 


exception/eliaination  under  e.vctr  a-heavy  ground  conditions 
(areas  of  the  ever-frozen  soils,  which  are  squandered  with 
thawing,  the  vacant,  swaapy  sections  of  roate^ 

Table  12.1  and  12.2  gives  exemplary /approximate  joinings 
during  the  arrangeaent/position  of  two-funnelled  water  theraal 


grid/networks  in  the  impassable  standardized  channels  of  a 

XS-Ol"C>4 

standard  series  of  ar±_i££c±*i — satel-iite1 0 1 04  GOSSTROY  of  the 

i 

USSR 
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This  type  of  packing  can  be  applied  under  any  ground 
conditions  with  device  in  the  zone  of  ground  water  of  the 
incidental  filtering  drainage  or  backing  hydraulic  sealing. 

Channel-free  applied 

for  a heat  carrier  with  the  teaperature  not  aore  than 
180°C  and  only  at  good  ground  conditions. 


Is 

forbidden 

the 

application/use 

of 

channel-free 

packing 

in  seisaic  areas 

with 

7 points  and 

it 

is 

above,  in 

settled 

and  ever- 

frozen 

soils,  and  also 

in 

areas  of 

sine 

workings. 

The  arrangeient/position  of  two-funnelled  water  theraal 
grid/networks  in  cross  section  with  channel-free  packing  in 
shells  of  autoclave  cellular  concrete  see  in  Chapter  15. 

Packing  in  Seaiaccess  channels  is  applied  in  cities  on 
the  individual  sections  of  route  in  essence  during  the 
intersection  of  areas  and  passages  with  intense  notion  or 
vith  the  iaproved  bridge*  According  to  operating  conditions , 
seaiaccess  channels  are  equated  to  inpassable.  The  service 


-»«tr  . ■ • .v  • 
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personnel  is  allow/assuaed  into  seniaccess  channels  only  when 
pipeline  does  not  work. 


in  residential  areas  in  passage  channel-tunnels,  thernal 
grid/networks,  as  a rule,  are  not  laid.  The  joint  packing 
of  thernal  grid/networks  with  other  utility  networks  in 
coanon/generai/total  passage  tunnel-  collector/receptacles  finds 
a use  in  large  cities  during  the  reconstruction  of  those 
who  exist  and  building  of  new  nain-line  passages  (Fig. 

12.1)#  also,  in  certain  cases  - for  the  large  residential 
areas  of  new  building. 


Besides  thernal  grid/networks  in  collector/receptacles, 
lay  the  grid/networks  of  water  pipe#  conaunication  cables, 
power  and  illuninating  cables  by  stress  to  35  kv  and 
downpour  channelization. 

for  distributive  water  thernal  grid/networks  by  dianeter 
300  nn  and  is  allow/assuned  below  the  packing  in  technical 
corridors  or  technical  undergrounds  of  habitable  and  public 
buildings#  if  in  this  case  does  not  increase  the  length  of 
routes  and  building  thernal  grid/networks  it  is 
realize/acconplished  siaultaneously  with  building  of  buildings. 


r 


tie 


rags-T-a  • osmamnn 
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Fig.  12.1.  Joint  packing  of  thermal  grid/networks  with 
other  urban  utility  networks  in  common/general/total 
collector/receptacles . 


I 


- 


Page  24  4. 

Packing  laying  under  the  existing  buildings  is  allow/assuaed 

with  the  condition  of  isolation/liberation  in  the  baseaent 
of  the  building  of  the  special  technical  corridor  with 
independent  outcrops. 

In  the  territory  of  industrial  enterprises,  is 

allow/assuned  the  packing  of  thernal  grid/networks  outside  or 
within  buildings,  if  in  this  case  are  not  disturbed  the 
conditions  safety  and  of  nora  technique  of  illuaination  and 

is  not  required  strengthening  the  structures  of  the  latter. 

• 

To  above-grade  packing  is  loosened  advantage,  if  by 
enterprise  is  accepted  the  above-grade  packing  of 
technological  pipelines  and 

there  is  the  technical  capability  of 

the  Joint  packing  of  all  pipelines  by  cosaon/qenera 1/total 


DOC  - 78009415 


PAGE  73  7 


Above-grade  packing  is  reconmended  the  applying  of  in 
poor  hydrogeological  conditions  (high  level  of  ground  water, 
settled  -aarth  A the  like)* 

For  stean  lines  with  pressure  pair  P ^ 22  kgf/cn2,  as 
a rule,  is-  applied  only  Above-ground  packing  on  piers  or 
high  supports. 

The  underground  packing  of  thernal  grid/networks  in 
industrial  enterprises  is  applied  in  good  hydro-geological 
conditions  and  in  a snail  quantity  of  laid  tubes  (2-4).  On 
the  head  section  of  the  route  where  a quantity  of 
pipelines  and  their  dianeters  grow/rise,  can  prove  to  be 
advisable  building  passage  channel  (tunnel)* 

I 

* 

9 

J 


i 
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Table  12.  1.  Arrange»ent/posit ion  of  two-funnelled  water 

theraal  grid/netaorks  in  iapansable  unicellalar  channel*. 


Key:  (1).  Tabes  in  an.  (2).  the  aark/brand  of 

(3).  Unicellular  channel,  size/diaensions  in  an.  (4)  • 
Draft/drawing. 

FOOTNOTE  1 . Only  for  unsettled  soils.  ENDF00TN0TE. 
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is  not  allow/assuned  the  packing  of  theraal 
grid/net  works  in  iapassable  channels  or  the  tunnels  of 
enterprises  together  with  oxygen  lines*  with  the  pipelines 
of  the  conpressed  air  by  the  pressure  above  16  kgf/ca2, 
with  the  pipelines  of  the  inflanaable  and  toxic  liquids, 
with  power  and  illuninating  cables  and  the  pipelines  of 
fecal  and  downpour  channelization. 


OL 


On  the  vacant  territory  of  industrial  areas*  cities  it 
is  settlement  (breakage  between  enterprises  and  habitable 
arrays,  areas*  which  are  not  subject  to  building-up  on 
ground  conditions,  area  relief  and  the  like)*  as  a rule* 
apply  above-grade  packing  in  lo*  supports  (coluans  or  ties). 
High  supports  and  piers  in  this  case  are  utilized  with  the 
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large  number  of  intersections  with  highways  and  with 
railroads. 


With  a small  quantity  of  railway  lines  the  intersection 
of  the  latter  with  heating  mains  they  permit  without  the 
application/use  of  special  high  supports  (Pig.  12. 21  . 


Id  areas  of  aine  workings,  is  applied  the  packing  of 
thersal  grid/networks  only  in  low  supports. 

Table  12.2.  Arraageseat/position  of  two-funnelled  water 
thersal  grid/aetworks  ia  iapassable  two-cellular  channels. 


Roy:  (1).  Diaaeter  of  pipeline  Dy  in  as.  (21  • Nark/braad 

of  channel.  (3).  Two-cellular  channel,  slse/ii  boss  ion  s in  am. 
(*)•  Draft/dr  a wing. 


DOC  * 78009415 


PAGE  -WF 


- 12000 — 
. 16000 
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-5100 — 7500 A 
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Fig.  12.2.  Intersection  of  rnilvay  lines  eith  testing  sains 
without  the  application/use  of  special  high  supports.  1 
fixed  supports;  2 - suspension  spring  cushions;  3 - step 

bearings;  4 - the  fraae  of  rigidity;  5 - tube  for  air 

exhaust  (are  insulated  together  with  the  basic  tubes) ; 
g.  r.  - the  head  of  rails;  v.p-  - water  line  feed ing;V.O. 
water  line  is  rewerse/inwerse;  p - steam  line. 

Key;  (1).  Gradient/draft.  (2).  RET/^  way7 
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The  method  of  packing  in  ever-frozen  soils  depends  in 
essence  on  the  character  of  soils  and  effect  on  them  of 

the  heat  releases  of  the  pipelines  of  thermal  gcii/net works. 
If  at  the  depth  of  thawing  with  the  underground  packing  of 

thermal  grid/networks  lie  unsettled  soils  (rock, 
skeletal/skeleton,  etc*),  are  accepted  the  same  methods  of 
packing  that  and  of  outside  areas  permafrost. 

If  the  route  of  thermal  grid/networks  passes  along  the 
territory  of  the  building-up  where  all  buildings  are 
constructed  taking  into  account  the 

preser*ation/retention/maintaining  of  the  permafrost,  then  is 
applied  above-grade  packing  in  pier,  low  or  high  supports, 
on  the  garrets  of  buildings,  on  the  aerated  undergrounds  at 
the  height  which  does  not  disturb  the  permafrost. 

As  an  exception,  is  applied  the  underground  xathod  of 

packing  in  impassable  channels  or  in  passage  tunnels.  In 

this  case  impassable  channels  and  tunnels  must  be  provided 
by  ventilation  with  the  supply  of  cold  air  in  tha 
quantity,  which  eliminates  the  thawing  of  soil  or  which 
reduces  this  thawing  to  the  minimum. 


The  sinking  of  channels  and  tunnels  is  accepted 


DOC  « 78009415 


PAGE  **  h ^3 


■i ni ant,  and  vhare  this  is  possible  according  to  Local 

conditions,  the  overlap  of  channels  protrudes  above  the 
earth’s  surface. 

Entrances  into  areas  of  ever-frozen  soils  in  all  cases 

are  fulfilled  above-grade.  With  underground  tubing  on  branch 
to  buildings  * at  a distance  6-10  n of  input/introduction, 

they  are  deri ve/concluded  fron  channels  to  the  nark  of  the 

sez/floor  of  the  first  deck  and  are  laid  on  this  section 

£ 

on  Ion  supports. 

* 

$ 

12.2.  Route  ani  the  longitudinal  s«ction  of  thernal 
grid/networks. 

The  route  of  thernal  grid/networks  is  selected  in 
parallel  to  the  axle/axis  of  passage  or  line  of  building-up 
in  accordance  with  the  requirenents  for  SNIP  II-K.  1-62, 

SNIP  II-K.3-62;  SNIP  II-K.2-62;  SNIP  II-H.1-62. 

One  should  not  lay  thernal  grid/networks  in  one  passage 
in  parallel  with  tranroads  and  the  suction  cables  of  direct 
current,  or  in  the  band  of  alienation  in  parallel  to 


r 
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railroad  and  in  forbidden  zone  of  industrial  enterprises 
(SKIP  11-$,  10-62). 

One  should  also  avoid  intersections  and  approaches  of 
thernal  grid/network,  with  the  rail  tracks  of  the  electrified 
(on  direct  current)  transport,  and  also  with  other  sources 
of  stray  currents,  if  this  is  not  led  to  an  essential 

increase  in  the  length  of  route. 

Within  the  limits  of  passages,  the  route  of  thermal 
grid/networks  is  marked  out,  as  a rule,  under  the  bands  of 
green  cultivations,  under  sidewalks,  and  with  the 

impossibility  of  this  arrangement/position  - under  transient 
part  in  extreme  bands. 

With  the  constriction  of  passages  and  saturation  by 
their  large  quantity  of  underground  communications  the  route 
of  thermal  grid/networks  is  marked  out  as 
exceptdon/elimination  on  the  territory  of  quarters. 

When  selecting  of  the  route  of  thermal  grid/networks  on 

the  territory  of  industrial  enterprises,  is  considered  the 
possibility  of  the  joint  packing  of  thermal  grid/networks 

with  different  technological  communications  in  overall 

structures . 
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On  the  vacant  territory  the  route  of  theraal 
grid/net works  is  selected  as  far  as  possible  along  roads, 
avoiding  intersection  it  flowed,  ravines  and  svaapy  places. 

On  the  floodland  territory  of  rivers,  one  should  the 
route  of  theraal  grid/networks  accept  only  in  the  presence 
cf  the  artificial  constructions  which  can  be  used  for  the 
packing  of  theraal  grid/networks.  The  independent  packing  of 
theraal  grid/networks  on  floodland  territory,  as  a rule*  is 
not  applied. 
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Table  12.3.  Hiniauc  distances  in  plan/layout  also  nith 


respect  to  rertical  line  in  world/light  fron  the 


constructions  of  theraal  grid/networks  to  utility  networks 


IliHmii-niHHt  paccTotNMi 


fpM  n«i,i  icmmoA  npon-iaaae  Ten.iOBbix  (rwA 

[o  ''i.im*  ifliiicm  rpaMBaflMoro  pe.ibca  . . 
\o  r .TMM.ikilKrro  pt*. 1bC3  '>4t‘KTpH<t>HUMpOBaH- 

huA  WcacihoA  toporH  

Lo  och  r..in/Kaftmi*ro  we.ieano.iopowHoro 
n\ t h 1 no  lie  M'  Hoe  mcm  iu  r.iyfiitiiy  rpaii- 
uirti  rcn.ioBOA  u'jm  ao  no.,  jiuuim  it ai- Mini 



lo  « rpe.iMK.  KpecTOOHH  h mpct  npiiroe.iMMC- 

HMN  K [H*.1  b>  .1 M •.ICKTpMitiMUlipnuaHlII.IX  WC- 

AriHui  Aopor  ( ii p it  hx  neptrce'icHHiil: 
u'VrpaMnariHMc  h we. leiMoaopownue  nyrn 
[li9.ic*Mrpti^tiu»ipon3HffMi*  we.ieiKue  .iopor« 
lo  nojif  ijinu  pe.ibca  TpatiuaflHMX  h JHeJieS' 

nut  aopor  

lo  ('•op.itopnoro  KaMim  aBTOMo6n.ibi<oA  jo 

pom  . • • , 

lo  M«py/«iHoA  ^p^ukh  kv)»i-T3  h.im  nn.iouiBM 
Marians  anroMo^H.ibMoA  ,ioporH  . . . . 
lo  .lOpU/MHoro  II  iKpuMIH  aBTOMOClI.lb’iOft 
Aopor h 

K1H.1.10B.  TOWHO.iefl  if  KOM.  TpyKMl'A 
lVwcKiH*m>HaA  npoK.ia.iHM  Ten.iOBMX  cctcA 
Wojis  kj>  i p 


I 'Up*  oTcjrrcTBMM  anpowworo  noKpurw* 
4JI«  K3H4AOB  »l  TOIIM*  .irrt  H KOHCrp\  Ktwfl 
lwi'CkaH33bNOA  npOM.laAKM  relUIOIlMX  CO 

| (fllajt*  naviop 

lo  i/pPia  4>yH.in%ieHT(>B  iaaii:tft  »i  coopy 

MC  OH  MU 

I tip*  npoK.iaxK*?  hj  yponwe  m.ih  bmiuo 

, oc?t*»  s.imhA  

no  me.  n bc'ihomcPi.imi  rpyurax  . . . 
lnpn  npoK.ia.iKo  iim  we  ooionniiiin  ifivu 

AiMt-MT'iB  it  lann  KMorrit  rr  rtyOicwu 

BaaoMtoiiHB  Ton.ioBMx  cerrn  h ijiyiiaa- 
neuron  c y'lerov  .•cr**c  in«*nnoro  otkoc.i 

1 rpVHTa,  MO  MO  Moure 

'to  me,  b bpmmomi'p  i.i mx  rpyiiTax  . . . . 
lo  noa»MJIBM  <t>yM.l.iMt'M1<>H  VUHHil  II  r-oopy* 
wphmA  (ot  ana  Kanaka  n.i«  tohhlah  ren- 

jtonon  cent) 

lo  oCpeja  cpyii.iaMrMToo  onop  rexHoAoritMc- 
CBMX  tpvConpoilO  WB  H.IM  M .TIT  H.lpyWHO 
ro  ocnriiieMMM  ii  iotm  cbmim: 

*K1*P"  npoK.ia.iKe  na  ypouiie  w.iii  nuuic  oc 

J MOB  i if. (If 

me,  ,\j\n  onop  nyrenpoBoaon  . . . 
rjjfo  me.  abb  cto.i6ob  H.ipywiioro  ococmc- 

' r MMX  HAM  C*TH  CBBJMtl 

lo  Rafte.ieA  cbmm 

lo  flpOI|HpOB3HMOrO  TeAeipOMIIoro  KaflC.I* 


1©  6pOMMpOB*MMorO  TC.10l$)OMHoro  KB  1)0.111  b 
TpyftJX  H.IM  ao  6/1  OH  J TO.MMpOHJIOII  K JM  J - 

A M )/1  inn 

lo  Mt’kTpOKafjCAcA  H a ftp  >1 /Hr*  II  if  CM  MC  CBMIIIO 

35  ko 

to  me.  NanpK>KeHHrM  ao  220  ko 

lo  raionp  onoaa  aaB. hckhcm  ii  e cnuuiv 

6 Kf  I cm1 

'o  we.  ABB.1CMHCM  6—12  kT’cm* 

lo  Boaonp^ao.ia  (ho  He  MCtfee  paaiiMUM  b 

rjiyOMH*-  S1.10WPHHM) 

lo  BO.IOCTOKOB 

lO  KaNBAMJ.lUHM 

to  we.  jam  otkputmx  chctcm  renaoithix  ce- 
teA  m or.ieAbKwx  rpyi/onposoioa  ropricro 
ao.iocnaCwPMHK  npti  npoK.ia.iKc  na  ypoBiio 
M.1H  BMUie  HBM«.1M1BUMM  lipil  AH3MCTPC 

Ten.iotwx  crrtA 

III  Meilbttl*  200  MM 

U iyOo.iu  tie  200  mm . . 


DOC  * 78009415 


PiGE  -aM1 


-W7 


(3.3  V-,/7  J*e/  J 


ZIo  RMMN1HNP  ROM  RpOMUKf  RNMC  II- 
MaJMJBUMM  HCjaBMCNMO  Of  . . 

lo  OCR  JtCpCM  c KPOMOA  MC  AOJCC  3 M B 
MBMmrrpe 

Ho  KycrapHMKa  . . . 

Ho  KJiaaftMtll.  CBfiJIKH.  CKOTOMOrM.lbMMKOB. 
0.1"  OTKpuTlJ  X CMCrcM  Tcn.lOHUX  CPTrfl  H.1M 
or.if.HMut  rpyrtonpoMOA  >u  rop»riero  boao 
CNart*etiH* 


Bo  me.  npw  im/jm’im.i  hr  ypoBHe  npoK.ia.iKM 
' ren.ioaux  cercA  rpvHronux  boo  c abm/Kc- 
■urn  noroKa  a ctopohv  Ten.ioaux  ceTeA 
p.  yrtopiiux.  aurprftMux  h noMOflMwx  "m. 
0.1"  OTNDUTMX  rue  TPM  TCn.lOIIMX  COTeA  11.1  H 
otacjibhux  Tp>rtonpoaoAos  ropn'iero  aoao- 
cnb6a-nh" 


Ten.ioBux  ccrrA  rpyMTOBux  boo  c abm/KC- 
HM«M  flOToka  B CTOpOHy  Ten.lOBUX  CCTCfl 

i^lpo  «ajM"Nol  npoRaaoac  Tcn.ioBui  ceieA 

aopor  umpoKoA  koach: 

Mao  ocm  rt.iM/*.iMUj«*ro  nytH 

J>h)»  ro.iobNH  pMbra 


ID.10BKM  pf.IBca 

o ate.  MieKTptopMUHponaHHUT  .lopor 
lojKejtejHux  oopor  ysnoA  koacr: 

<>ipo  ocm  6.it<MaAiuero  n>  tm  . . . 


rO.IOBKN  pc.iaca 


HOx  rpawa.ifluux  nyr^A: 

(bO)jo  och  rt.iHJCiAuieio  nym 

lw*\  * ro.ioBKM  pc.it.ca 

1^0  BtoMofln.1  b>< m x aopor: 

/ k y\AO  rpaHM  rtopnopnoro  kjmii"  m.ih  biu-iji- 

V ’ H*A  6pOBKH  KIOBrTa 

AO  onexuui  npooj/KeA  Haem 

Uo  neiupxoAHux  jjopor  m npoxoaos  . . . 

WO  ROBPP  XHOCTH  3PM.1H  ROH  npOK.1J.lKl*  Ha 

, hmmx  onopax  npw  ujupH.r  pa.ia  Tpyrt: 

U'W  |.5  m 

fvaiV5o*ce  1.5  a*  


[U,  \Jlo  npoaoAoB  rpojuicArtyca  (HHwe  Ten.ioaux 

v cere  A)  

U too  ocm  ,iepeea  c KpOHoA  He  Co.nee  3 a i 

' JIRaMCTpC 

Jlo  npoBojoB  .ihhhA  i.ieKTponepraJM  b n.ia- 
v Re  npn  M’lMrtoAi.iuoM  hx  otkaompumh  h no 
BepTHK.I.IH  npH  MaHrtO.1l.IHPA  C'pr.lr  npoa«- 
ca  or  .itortoA  hjcth  KOHCTpyKUHtt  ren.ioRhix 
ceTeA.  bk.ikvi.ih  RecTMuuu.  n.ioiuaJKH.  or 
pa  m ion  it"  . h np.  npn  HanpxMteHHH  .io: 

20  -Ok 

33 — no  wAV 

150  • . A 

290  » 

330  • 


( 

U*) 

Hr’peKo-  ! 

MeMiyerca 

2 

| 1 

— 

10 

- 

30 

- 

7 

- 

10 

- 

3.1 

— 

6.4 

— 

7 

2.4 

_ 

- 

4.4 

2.8 



— 

4.6 

0.5 

— 

4.5 

— 

2 

_ 

0.35 

- 

0,5 

- 

0.2 

2 

— 

3 

3 

4 

4 

4.5 

4.5 

5 

t 

• 

• 

M 

M 

DOC  = 78009415 


PAGE 


r 


i 


ap»*! 


Notes:  1.  Decrease  in  the  noras  cf  approach/approximation  is 
allov/assnned  only  under  the  squeezed  conditions  with  special 
substantiation  and  agreement  with  the  appropriate 
organizations. 

2.  During  decrease  in  noras  cf  approach/aPP?oxination  to 
edge  of  foundations,  aust  be  accepted  measures,  which 
eliainate  possibility  of  destabilization  of  constructions. 

3.  Decrease  in  noras  of  approach/approxiaation  for  open 

theraal  grid/networks  and  separate  systeas  of  hot  water 
supply  oust  be  agreed  with  organ/controls  of  sanitary 

supervision. 

Key:  (1).  Designation  of  distances.  (2).  Minima  clearances 

in  a.  (3).  in  plan/layout.  (4).  on  vertical  line.  (5). 

With  the  underground  Packing  of  theraal  grid/networks.  (6). 


On  the 

nearest  traa 

rail. 

(7) 

. To 

the 

nearest 

electrified 

railroad. 

(8). 

To 

the 

axle/a  xis 

of 

railway 

line 

(bat  it 

is 

not 

less 

t han 

at 

the 

trenches 

of 

theraal 

grid/network  of 

up 

to 

the 

>ttoa  of 

the  aound  of  way).  (9).  To  a rrow/ pointers*  crosses  and 
wiring  points  to  the  rails  of  the  electrified  railroads 
(during  their  intersection).  (10).  traa  and  railway  lines. 


~T~ 


' 


;*  r 
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J11).  the  electrified  railroads.  (12).  To  the  rail  flange 
tra*  and  railroads.  (13).  To  border  stone  of  highway.  (14). 

To  external  edga  container  or  the  bottons  of  the  nound  of 
highway.  (15).  To  road  surface  of  highway.  (16).  for  the 

canera/chanbers.  (17).  in  the  absence  of  road  surface.  (18). 

for  channels  and  tunnels  and  the  constructions  of  the 

channel-free  packing  of  thermal  grid/networks.  (19).  for  the 
canera/cha  abers.  (20).  To  the  edge  of  the  foundations  of 
buildings  and  constructions.  (21).  with  packing  at  the  level 
or  it  is  higher  than  the  base/roots.  (22).  the  sane*  in 
ever-frozen  soils.  (23).  with  packing  it  is  lower  than  the 

base/roots  of  foundations  depending  on  the  depth  of  the 
laying  of  thermal  grid/networks  and  foundations  taking  into 

account  the  slope  of  repose  of  soil,  but  it  is  not  less. 

(24)  . the  same,  in  ever-frozen  soils.  (25).  To  foundation 
level  of  buildings  and  constructions  (from  the  bottom  of 
channel  or  tunnel  of  the  thernal  gr i d/net work) . (26).  To 

the  edge  of  the  foundations  of  the  supports  of 
technological  pipelines  or  masts  of  exterior  lighting  and 
communication  network.  (27).  with  packing  at  the  level  or 


It  is 

higher  than  the 

base/roots. 

(28). 

the 

sane,  for  the 

supports 

of  overbridges. 

(29).  the 

sane. 

for 

the  columns  of 

exterior 

lighting  or  communication 

network 

i. 

1 


) 

* 

I 
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FOOTNOTE  i.  Hith  the  packing  lower  than  base/roots  of  the 
foundations  of  supports  or  nasts  of  distance*  they  increase 
to  the  difference  in  the  depth  of  laying.  E*DFOotnotE. 

(30).  To  conmunication  cables.  (31).  To  the  amor  plated 

telephone  cable.  (32).  To  the  amor  plated  telephone  pipe 

cable  or  to  the  block  of  telephone  channelization.  (33). 

lip  to  electric  cables  by  stress  it  is  not  aore  than  35 


k¥. 

(34). 

The  3aae# 

by 

stress  to  220 

kV 

• (35)  • 

To  gas 

pipe 

by 

pressure  it 

is 

not  aore  than 

6 

kgf/ca* 

. (36)  . the 

sane* 

by 

pressure  6- 

12 

kgf/ca*.  (37). 

To 

water 

pipe  (but 

it  is  not  less  than  the  difference  in  the  depth  of 
laying).  (38).  To  drains*  (39).  Before  channelization.  (40). 

The  saae*  for  the  open  systems  of  theraal  grid/networks  and 
separate  pipelines  of  hot  water  supply  with  packing  at  the 

i 

level  or  is  higher  than  the  channelization  with  the 
diaaeter  of  theraal  grid/netvorks.  (41).  it  is  less  than 

<3 

200  aa.  (92).  it  is  aore  than  200  aa.  (43).  Before 

channelization  with  packing,  it  is  lo*er  than  the 
channelization  independent  of  diaaeter.  (44).  It  is  not 
recoaaended.  (45) . To  the  axle/axis  of  wood/tree  with  crown 
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it  is  not  lore  than  5 ■ in  diameter.  (46)  . To  bashes. 

(47).  To  ceaeteries#  duap,  cattle  ceaeteries,  for  the  open 
systeas  of  the  theraal  networks  or  separate  pipelines  of 

hot  water  supply.  (48).  the  saae#  when,  at  the  level#  the 

packing  of  the  theraal  grid/networks  of  ground  water  is 
present#  with  flow  to  the  side  of  theraal  grid/networks. 

(49).  To  restrooas#  dredging  and  slop  pits#  for  the  open 

systeas  of  theraal  grid/networks  or  separate  pipelines  of 

hot  water  supply.  (50).  the  saae#  when#  at  the  level#  the 

packing  of  the  theraal  grid/networks  of  ground  water  is 
present#  with  flow  to  the  side  of  theraal  grid/networks. 

(51) .  With  the  above-grade  packing  of  theraal  gr  id/networks. 

(52) .  To  the  railroads  of  wide  gauge.  (53).  the 

axle/axis  of  the  nearest  way-  (54).  to  the  head  of  rail. 
(55).  The  saae,  the  electrified  roads.  (56).  To  the 
railroads  of  the  narrow  gauge.  (57).  to  the  axle/axis  of 
the  nearest  way.  (56).  to  the  head  of  rail.  (59).  To 

traaroads.  (60).  to  the  axle/axis  of  the  nearest  way.  (61). 


to  the 

head 

of  rail. 

(62). 

To 

highways. 

(63).  to  the  face 

of  curb 

stone 

or  external 

edge 

container. 

(64)  . to 

the 

clothing 

of  transient 

part. 

(65) 

. To  pedestrian  roads 

and 

passes. 

(66). 

TO  the 

earth *s  surface  with 

packing  on 

low 

supports 

with 

the  width  of 

run 

of  pipes- 

(67).  to. 

(68). 

it  is  i 

■ore. 

(69).  To 

the 

wir  e/conductors 

of  trolley 

bus 

t 
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(lower  than  thermal  grid/networks).  (70).  To  the  axle/axis 
of  wood /tree  with  crown  it  is  not  sore  than  3 a in 
dianeter.  (71) • To  the  wire/conductors  of  electric  power 
lines  in  plan/layout  with  the  greatest  deviation  also  with 
respect  to  vertical  line  with  the  greatest  deflection  froa 
any  part  of  the  constructions  of  theraal  grid/networks# 
including  staircases,  area/site,  enclosure/protectionsr  etc. 
with  stress  of  up  to.  (72).  k?. 


Page  247. 


When  selecting  of  the  route 

of 

the 

theraal 

grid/net works  of 

the  intersection 

of 

the 

rivers  of 

ravines , 

of 

railroads,  of 

tranroads,  highways 

and 

passages. 

they  Bust 

be 

provided  for 

at  right  angles 

or 

in 

the  exceptional 

cases  at  an  angle,  close  to  straight  line,  but  it  is  not 
less  than  45o. 


, 

1 
9 


The  route  of  theraal  grid/neteor ks  aust  be 
desigq/pro jected  taking  into  account  possible  packing  in  the 
passages  of  other  underground  coaaunications  (gas  pipes, 
electric  cables,  water  pipe,  channelization,  stora  drains  and 
so  forth)  with  rational  autuai  arrangeaent. 


I 
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The  bandwidth  foe  thermal  grid/networks  with  underground 
packing  is  deter ained  by  the  external  dimensions  of  the 
units  and  caaera/chaabers.  Niches  can  be  placed  above  other 
communications.  The  diaensions  of  niches  liait  the 
approach/a pproxiaation  of  route  to  buildings. 

The  bandwidth  with  above-ground  packing  on  piers  and 
high  supports  flexible  compensators  can  be  placed  above 
passages  and  railway  lines.  the  flights  of  coapensators  in 
this  case  liait  the  approach/approxiaation  of  route  to 
buildings. 

Distances  ia  plan/layout  also  with  respect  to  vertical 
line  from  the  constructions  of  theraal  grid/networks  to  the 
in  parallel  arranged/located  or  intersected  buildings,  the 
constructions,  the  roads,  and  other  utility  networks  nust  be 
in  world/light  not  less  indicated  in  fhble  12.3. 

With  the  underground  packing  of  the  intersection  of 
theraal  grid/networks  with  channelization*  drains*  gas  pipe 
and  coaaunicat ion  cable*  they  can  be  fulfilled  under  these 
grid/aetworks  or  above  then. 
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Kith  packing  above  other  grid/networ ks,  is  checked  the 


need 

for 

their  protection  fron 

the  transmission 

of  vertical 

load. 

• it  h 

packing 

hearth  by  then  provide  for 

the  devices. 

wh  ich 

prevent  then 

fron  possible 

damages.  Under 

the 

especially 

squeez  ed 

Conditions  is 

all ow/assuned 

during 

intersection  to  pass  the  water  pipe,  channelization,  drain 
and  gas  pipe  with  pressure  to  6 kgf/ca2  through  channels 
or  the  camera/ch amber  of  thernal  grid/networks  in  cover  from 
the  steel  tubes  whose  ends  must  be  derived  on  2 a to 
both  sides  beyond  the  liaits  of  the  intersected 
constructions. 


By  thernal  grid/networks  the  intersection  of  electric 
cables,  as  a rule,  is  produced  hearth  by  then. 

The  indicated  in  'fable  12.3  noras  of  the 
approach/apprcxinations  of  thernal  grid/networks  with 
underground  packing  to  electric  cables  are  accepted  on  the 
basis  of  the  conditions  that  during  intersection  for  *il 
extent/elongation  of  approach  the  tenperature  of  soil  in  the 
place  of  the  packing  of  electric  cable  nust  not  be  raised 
by  no  re  than  10°C  in  conparison  with  the  lowest  tenperature 


MMHEans 


4 
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of  soil  in  winter  period  and  by  15°C  - in  summer  period. 


At  parallel  packing  the  temperature  of  soil  in  the 


place  of 

the 

packing 

of 

e lectric 

cable  at 

any 

tiie  of 

year  must 

not 

be  raised 

by 

more 

than  10°C 

for 

cable  lines 

by  stress 

to 

10  kV 

even 

5°C 

- 

for  lines 

by 

stress  35-220 

kV. 

Is  allow/assumed 

decrease 

in 

the  norms 

of 

approach/approx iaation. 

if 

are 

not 

exceeded 

the 

indi cated 

liaits  of  an  increase  in  the  temperature  of  soil  in 
comparison  with  the  natural  temperature  of  soil  in  the 
place  of  the  packing  of  electric  cable. 

In  the  case  of  strengthening  the  heat  insulation  of 
thermal  grid/networks,  are  not  provided  the  necessary  norms 
of  an  increase  in  the  temperature  of  soil  and  in 
accordance  with  the  "Rules  of  the  device  of  electrical 
devices"  is  alio w/assuaed  accomplishing  one  of  the  following 
measures:  the  sinking  of  cables  to  0.5  a instead  of  0.7; 
the  application/use  of  cable  insets  of  larger  section/cut; 
cable  laying  under  thermal  grid/networks  in  tubes,  at  a 
distance  in  world/light  from  the  constructions  of  thermal 
grid/networks  is  not  less  than  on  0.5  a;  in  this  case  the 
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tubes  aust  be  packed  so  that  the  ceplacenent  of  cables 
could  be  carried  out  without  the  need  for  the  production 
of  earthwork. 

Page  24  8. 


The  selected  direction  of  the  route  of  thermal 
grid/networks  taking  into  account  the  noras  of 
approach/a pproxiaation  to  constructions  and  coaaunicat ions  will1 
be  applied  to  the  plan/layout  for  geodetic  photography  with 
the  grid/networks  of  underground  coaaunicat ions  with  the 
joining  of  lain  directions  to  the  existing  buildings  and 
constructions. 


On  the  route  of  theraal  grid/networks,  is  constructed 
the  longitudinal  section  on  the  basis  of  the  project  of 
vertical  planning  (organization  of  relief)  and  of  the 
location  shooting,  obtained  as  a result  of  leveling  route. 


To  the  longitudinal  section  of  heating  aains  besides 
the  Planning  and  black/ferrous  narks  of  the  earth/g round* 
will  be  applied  the  level  of  the  standing  of  ground  and 
surface  water,  mark  of  the  sex/floors  of  the  build ings. 


connected  to  tharaal  grid/networks,  the  aarks  of  hands  rail. 
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the  intersected  railway  lines  and  streetcar,  the  existing 
and  design/pc ejected  underground  communications  and  other 
constructions,  intersected  by  theraal  grid/networks,  with 
placing  of  their  narks.  Narks  are  given  in  absolute 
calculation/enu aeration. 

Pigures  12.3  shows  an  example  of  the  longitudinal 
section  of  theraal  grid/network  with  underground  packing  in 
iapassable  channels. 

If  theraal  grid/networks  are  design/projected  with 
incidental  filtering  tubular  drainage,  it  Bust  be  reflected 
in  plan/laYout  and  in  the  airfoil/profile  of  route. 

The  depth  of  the  laying  of  theraal  grid/networ ks  with 
their  underground  packing  from  topographic  surface  in 
world/light  is  accepted  not  less: 

fjo  ,cpts  ncpeuptSTHfl  If , MI  .1 1 > s , t'hihc.isA 
11  mHicipytuMw  SivtWMMIsA  n pt)K.i  it.*  itpn 

M "’5  “ 

vWn»»  ..TCVtST»*>«  soptisusorn  IHWPMTK*  . . . • 
f Ah.7  I»u  lisps. purHS  Kmtp  H ywo,  s npo- 
VT  111  SUM  t TUIWWM*  lip»  HUHtIM  SO|><l  StK'ltU 

, \ B'wpiSTHa  . * 

l^ripH  orcytct«KH  jupoMHoro  nonputH,  ...  0,5  • 

Key:  (1).  To  the  top  of  the  overlaps  of  channels,  tunnels 

and  construction  of  channel-free  packing  with  road  surface. 
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(2).  In  the  absence  of  road  surface.  (3).  To  the  top  of 
the  overlap  of  the  caraera/chaabers  and  units  in  passage 
tunnels  in  the  presence  of  road  surface.  (4).  In  the 
absence  of  road  surface. 

Is  a 11 ov/assuaed  the  construction  of  earner a/cham bers  and 
units  of  passage  tunnels  in  iapassable  places  those  who 
protrude  above  the  earth’s  surface  to  height/alt itui e not 
less  than  0.4  a. 

The  height/altitude  of  the  above~grade  packing  of 
heating  aains  on  low  supports  froa  topographic  surface  to 
the  bottoa  of  the  insulation  construction  of  pipelines  must 
be  in  world/light  not  less  than  0.5  a,  soaetiaes  is 
allow/assuaed  decrease  in  this  distance  to  0.35  a.  In  the 
sites  of  installation  of  reinf orceaent  and  equipment # aust 
be  arranged  asphalt  or  concrete  area/sites  with  clearance 
aaong  hollow  of  area/site  and  the  bottoa  of  equipment  not 
less  than  0.5  a. 


Fig.  12.3.  The  longitudinal  section  of  thermal  grid/network 
with  underground  packing  in  impassable  channels.  1 - the 


plan/layout  for  route;  2-  planning  aarks  of  the 


black/ferrous  narks  of  the  earth/ ground;  4 


earth/ground 


gradient/drafts  (i)  and  distances  (1) 


of  channel;  7 


drain 


bottom  of  channel 


electric  cable 


channelization 


relief  mechanism;  12  - maximum  level  of  ground  water; 

camera/chamber  No;  NK  - niche  compensator;  NO  - fixed  support 


***%«»*** 
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During  * the  construction  of  longitudinal  section  the 

ainiaua  gradient/draft  of  tharaal  grid/networks  is  accepted: 


r.pM  no  wtNKo*  np'iuun  npM  OTCyTcriMM 
\ aoi  h iij>h  ttatitunok  nponiaAKe 


.0.002 


'non  noiM»««*  npn**»l*«  » vmt  i py*To»u* 

.01  t nunyiMMii  .p«*ktpyi<iiu«*  ipi»«- 
>>M-I  r»***CTM»  

lull  ntcNiHwi  * • * * • 

\<Jflp»  np,«UM  • ■CM«.m«pJ4Ul 

(v\npS,’n”  npnwii«  • np<.c.  *•■•■«»* 

' rpyHTM  l«  llTMT*******  * I******  ("I 

******  « **K*P«  


Key:  H).  With  underground  packing  in  the  absence.  (2) . 

ground  water  and  during  above-ground  laying®  (3)-  fith 
underground  packing  in  the  zone  of  ground  water  with 
incidental  filtering  drainage  - in  clay  soil.  (4).  In  sandy 
soils.  (5).  With  underground  laying  in  ev«r- frozen  soils® 

(6).  With  underground  packing  in  settled  earth  on  branches 
to  buildings  (from  building  to  the  caaera/chaaber  of 
branch) . 

With  the  packing  of  the  theraal  grid/networks  through 
bridges  and  viaducts  on  the  short  sections  of  route  is 


< 
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al low/assuaed  the  packing  without  gradient/draft. 

With  underground  packing  the  gradient/draft  of  branches 

to  separate  buildings  (input/introductions)  it  is  expedient 

to  accept  towards  the  caaera/chaaber  of  theraal  grid/network. 
For  settled  earth  this  condition  is  necessary.  If  the  nark 

of  the  unit  of  branch  is  higher  than  the  nark  of 
entrance,  before  entrance  at  a distance  not  less  than  5 a 
of  it  on  branch  is  provided  for  the  additional 

caaera/chaaber  with  the  device  of  the  gradient/draft  of 
channel  froa  building  to  the  caaetn/chasber. 

The  nark  of  the  bot-.toa  of  channel  on  entrance  is 
accepted  higher  than  the  nark  of  foundation  level  by  value 
not  less  than  on  500  n». 

With  above-grade  packing  the  gradient /dr aft  of  branches 

is  fulfilled,  as  a rule,  towards  building. 

Lowest  points  on  the  route  of  theraal  grid/networks  as 
far  as  possible  one  should  place  in  such  places  where  it 
is  possible  to  carry  out  self-flowing  derivation  froa  the 

pipelines,  the  channels  and  the  caeer a/chaabers  and  froa  the 

systeas  of  incidental  drainage  into  downpour  channelization, 

into  basins  and  the  absorbing  wells . 
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As  the  eXception/eliaination  is  permitted  removal  of 


water 

into 

fecal  channelization 

with  the 

setting  up  of 

eater 

lock 

on 

the  self-flowing 

pipel ine. 

which  discharges 

water 

froa 

the 

pit  of  the  caaera/chaaber 

into 

channelization.  In  the  case  of  the  possibility  of  return 
curreat  of  water,  is  establish/installed  the  additionally 
disconnecting  valve. 

The  possibility  of  derivation  into  the  basins  of  public 
use  is  determined  by  sanitary  regulations. 

Derivation  into  the  absorbing  wells  or  the  absorbing 
pits  of  the  caaera/chaabers  and  tunnels  can  be 
realize/accoaplished  only  with  the  well  filtering  soils  and 
in  the  absence  of  ground  water  according  to  agreeaent  with 
the  organ/controls  of  sanitary  supervision.  Kith  the 

iapossibility  of  derivation,  by  gravity/of  one's  own  accord 
are  establish/installed  constant  drainage  puaps  with 
self-catching  and  launching/starting. 

Puapage  froa  the  pipelines  of  thermal  grid/networks  can 

it  is  produced  by  aovable  puaps. 


< 
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12.3.  Construction  of  pipelines. 

I 

The  aininun  distances  between  pipelines  and  the 
enclosing  constructions  in  world/light  in  iapassable  channels 
one  should  accept  not  less  indicated  in  Table  12.4. 

The  niniaun  distances  between  pipelines  and  the 
enclosing  constructions  in  the  world/light  in  of  seniaccess 
channels  and  tunnels  one  should  accept  not  less  indicated 
in  Table  12.5. 

The  distances  between  tubes  on  vertical  line  in  passage 
and  seniaccess  channels  are  deternined  taking  into  account 
the  height/altitude  of  support,  dinensions  of  bean  under  the 
support  of  upper  pipeline  and  thickness  of 
isolation/ insulation  of  lower  pipeline.  In  this  case,  the 
clearance  between  the  surfaces  of  isolation/insulation  of 
pipelines  one  should  accept  according  to  Table  12.5. 


During  the  determination  of  openings  of’  tunnels  and 

m 
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seiiaccess  channels,  they  accept:  the  width  of  pass  in 
world/light  it  is  not  less  than  0.5  ■ for  seaiaccess 

channels  even  0.7  ■ for  passage  tunnels;  the  height/altitude 

of  channel  in  vorld/light  it  is  not  less  than  1.4  a for 

seaiaccess  channels  even  2 a for  passage  tunnels. 


The  distances  between  the  surfaces  of  tubular  insulation 
in  plan/layout  with  above-grade  packing  should  be  accepted 
not  the  less  corresponding  distances  of  those  who  were 
indicated  in  Table  12-4- 

During  the  deteraination  of  distances  between  the 
surfaces  of  insulation  of  pipelines  and  fron  the  surface  of 
isolation/insulation  to  structures  on  the  flight  (iris)  of 
flexible  coapensators  is  considered  the  preliainary  bracing 
of  coapensators  and  the  nonsiaultaneous  warning  up  of 
adjacent  pipelines. 

In  the  cross  section  of  iapassable  and  seaiaccess 
channels,  all  tubes  are  furnished  in  oae  horizontal  series 
(Fig.  12.4>. 

In  the  cross  section  of  the  passage  tunnels  of 
large~diaaeter«  tube  they  are  furnished  in  a lower  series. 


C 


"r'P*l*|pr?5r**  M 
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In  the  coaaon/general/total  urban  collector/receptacles  of 

! 

V 

the  tube  of  theraal  grid/networks,  they  are  placed  in  one 
vertical  series  on  the  wall,  reaoved  froa  the  place  of 


cable  laying. 


The  arrangeaent/position  of  pipelines  in  the  cross 
section  of  piers  (Fig.  12.5)  and  of  the  separate  aasts 
(Fig.  12.6)  aust  be  such  so  that  overloading  of  one  of 


the  sides  of  cross  section  does  not  exceed  30o/o  of  the 


assigned/prescribed  load  on  the  section/cnt  of  pier  or  east. 
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Table  12*4.  Hiniaaa  clearances  between  pipelines  and  the 
strectorea  of  iapasaable  cbaaaals. 


10 

.Imjmotj)  Tpyfio. 

l) y a mm 



4bHur  pacct 

••anna  • caety  a mm  | 

»>T  M H'-JH- 
mocth  nao- 

.1UUHM  JO 

CTl'HKH 

KiHa.ia 

newiy 

n ■ ' m ■ j ! \ - 
HOCTMMH 

M3U.1MI1HH 

or 

HMCTH  It  »n- 
.1SIIHH  40 

nrpcwpu- 

THN  KJ* 

Ma.ia 

"T  iH-arpx- 
HOCTM  H JO* 
.IflllHH  40 
1H«  N.1H1- 

41 

*--*> 

70 

100 

n 

100 

ICO—  280 

•0 

140 

70 

100 

300— MO 

100 

160 

80 

ioo 

tot-  700 

no 

300 

100 

100 

•00-134) 

130 

— 

100 

100 

Kay:  (1).  Diaaeter  of  pipeline  in  aa.  (2).  Minimum 

clearances  in  aa.  (3).  from  the  surface  of 
isolation/insulation  to  the  wall  of  channel.  (4).  between 
the  surfaces  of  isolation/insulation*  (5).  from  the  surface 
of  isolation/insulation  to  the  overlap  of  channel.  (6).  from 
the  surface  of  isolation/insulation  to  the  bottoa  of 
channel. 
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Table  12.5.  Minimum  clearances  between  pipelines  and 
structural  constructions  of  semiaccess  channels  and  tunnels. 


(0 

Antwerp  rpvfto* 

BpUfOlOl 

■ MM 

AhNUe  ptcc 

• iHHMM  ■ Cmt 

ry  ■ mm 

no- 

•epftMoCTN 

40  CTCIIKH 
h4HJ.i  l H.1H 

TOHHtMU 

(4) 

Mentjy  no- 
•cpiHoc- 

TUMII  HIO- 

.1  M 11  MM  no 
BVpTHKt.lH 

|6U  «o. 

■tpXHoCTH 

MViAVItMN 

io  llcpe- 
KpM  rilM 
h lit  1.13  H.IH 

To  II  lit*. Ill 

(<*l,  no. 

• epXMoi  TM 
MJi'JlUMN 

to  .ilia  ha- 
H3.13  H.IH 

ToHHe.m 

25—  HO 

150 

100 

100 

ISO 

loo— w 

170 

140 

uni 

200 

300—460 

300 

1*0 

130 

200 

800 — 700 

300 

300 

120 

2U0 

800-900 

720 

200 

ISO 

220 

1000-1200 

350 

300 

280 

350 

Key:  (1).  Diameter  of  pipelines  in  mm.  (2).  Minimum 

clearances  in  mm.  (3).  from  the  surface  of 

isolation/insulation  to  the  mall  of  channel  or  tunnel.  (4) . 

between  the  surfaces  of  isolation/insulation  on  vertical 
line.  (5)  . from  the  surface  of  isolation/insulation  to  the 
overlap  of  channel  or  tunnel.  (6)  . from  the  surface  of 

isolation/insulation  to  the  bottom  of  channel  or  tunnel. 

Page  250. 

With  the  joint  packing  of  thermal  grid/netmor ks  with 
technological  pipelines  on  multistage  pier,  the  pipelines  of 

thermal  grid/networks,  as  a rule,  are  furnished  in  lover 
tier.  During  the  multistage  arrangement/position  of  thermal 

grid/networks  in  tppet  tier,  lay  lacg  e-diameter  tubes  (see 

Pig.  12.5). 


I 


DOC  » 78009415 


PAGE  7^?  S7 


During  the  arrangement/position  of  tubes  in  the  cross 

sections  of  channels,  tunnels,  easts  and  piers  one  should 
consider  the  possibility  of  the  convenient  decoupling  of 
flexible  compensators.  Tubes,  on  which  are  aounted  flexible 
compensators  with  the  greatest  dimensions,  they  place  in  end 
position. 

With  the  packing  of  water  thermal  grid/networks  fron 
starboard  on  the  course  of  heat  carrier  from  heat  source, 
they  place  delivery  pipe,  and  to  the  left  - reverse/inverse 
on  an  entire  route  before  input/introduction  to  users. 

During  the  construction  of  pipelines  in  the 

carnet a/chaabers  and  in  the  passage  tunnels  of  clearance  one 
should  accept  not  less  indicated  in  Table  12.6. 

Height  of  the  chamber  and  units  of  passage  tunnels  are 
accepted  not  less  than  2 a.  The  decoupling  of  tubes  in 

the  units  of  passage  tunnels  is  fulfilled  in  such  a way 
that  would  be  provided  passages  along  the  axis  of  tunnel, 
so,  also,  in  the  direction  of  passage  branches,  in  this 
case,  is  allow/assused  local  decrease  in  the  dimensions  of 
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pass  in  height/altitude  to  1.2-1. 4 n.  if  pass  in  the  unit 
of  pipelines  is  enclosed  by  lower  run  of  pipes  of  branch, 
above  then  is  arranged  transfer  netallic  area/site  with 
staircases. 


Bith  above-grade  packing  on  low  supports  in  the  sites 
of  installation  of  large  catches  with  electric  drive,  is 
arranged  ground-based  closed  pavilion. 


fig.  12.4.  Bzeaplarj/approiinate  can  of  pipes  in  the  cross 
sections  of  iapassable  and  seniaccess  channels,  a)  inpassable 
channel;  b)  seniaccess  channel;  |C  - condensate  piping  is 

self -flowing ; P - stean  line;  V.p.  - water  line  feeding; 
V.4.  - water  line  is  reverse/inverse. 


Key:  (1).  tsle/nsis  of  ronte, 
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Tiblt  12.6.  Hinlmun  cluruots  between  etroctocee  «|J  tbe 
unit*  of  pipelines  in  tbe  canera/chaabers  and  tbe  tunnels. 
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Key:  (1).  Designation  of  distances.  (2).  Hininua  clearances 

in  an.  {3).  Froa  sex/floor  or  froa  the  overlap  of  the 
ca aera/cha mber  or  tunnel  to  the  surface  of  tubular 
insulation  (for  the  transition  of  the  tufces  of  branches). 
(4).  Side  passes  for  the  aaintenance  of  fixtures  and  gasket 
coapensators  (froa  chaaber  wall  to  the  flange  of 
reinforcement  or  to  compensator)  with  the  diameters  of  tubes 
to  50 0 mm.  (5).  the  saae,  with  the  diameters  of  tubes  600 
mm  and  more.  (6) . Proa  transverse  chaaber  wall  to  the 
housing  of  gasket  compensator  (froa  beaker/sleeve)  with 
diameters  of  tubes  to  500  an.  (6a).  (along  the  axle/axis 
of  tube).  (7).  Tbe  sale,  with  the  diameters  of  t<*  bes  600 

am  and  aore.  (8).  From  sex/floor  or  overlap  of  the 





* / 
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caaera/cha nber  or  tunnel  to  the  flange  of  reinforcement  o 
to  gasket  coapensator  with  the  diameters  of  tubes  to  500 
aa.  (9).  The  same,  with  the  diaaeters  of  tubes  530  mm 
■ore.  (10).  Pro*  sex/floor  or  overlap  to  the  surface  of 

the  tabular  insulation  of  branches* 


3 


Fig.  12.5.  Approximate  run  of  pipes  in  the  cross  section 
of  piers.  1 - steaa  line;  2 - condensate  piping  forcing 
3 - technological  pipelines. 


Page  251. 
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The  sa*e  ground-based  pavilion  are  arranged  in  the 
assemblies  of  the  setting  up  of  large  catches  with  their 
underground  packing  (Pig-  12.7),  if  this  is  allow/assuned  by 
the  conditions  of  the  passage  of  route.  In  the  overlap  of 
Pavilions,  is  provided  for  the  device  for  fastening  of 
lifting  devices  (blocks  and  tackle,  it  is  block-ani-tackle, 
etc. ) . 

In  the  asseablies  of  the  setting  up  of  catches  (Fig. 
12.8) 0 gasket  compensators  (Fig-  12.9)  and  of  sludge  pans 
in  the  underground  camera/chanbers,  stationary  lifts  are  not 
provided  for.  Maintenance  is  produced  t Y the  crane  trucks 
through  the  installation  windows,  the  hatches  or  the 
caaera/cha  mbers. 

The  distance  between  centers  of  gasket  coapensators  in 
the  earner a/chambe rs  with  diaaeters  of  tubes  500  aa  and  aore 
is  accepted  of  the  conditions  of  the  convenient  te placement 
of  gland  packing  and  tightening  of  the  bolts  of  the  aain 
bush  (Fig.  12.9)  . 


If  the  distance  between  centers  of  tubes  on  the 
adjacent  the  caaera/chaaber  section  of  route  is  lass  than 
this  is  necessary  for  the  arr angenent/position  of  gasket 
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compensators,  is  alLow/assumed  device  on  run-back  of  the 
local  bra nch/reaoval  before  gasket  compensator  with  the 
shift/shear  of  axle/axis  to  value  not  eore  than  0.5 


fig.  12.6.  Exeeplarf/approxiaate  run  of  pipes  on  separate 
easts..’  1 - steaa  line;  2 - condensate  piping  forcing;  3 

eater  line  feeling;  4 - water  line  reverse/iavecse;  5 
water  line  of  the  softened  water;  6 - standby  place. 
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Pig.  12-7.  Ground-based  closed  pavilion  in  the  assenblies 
the  setting  up  of  large  catches  on  heating  nains  with 
their  underground  packing  in  inpassable  channels,  a) 
plan/layout;  b)  cut/section  with  respect  to  I-I ; V.  p. 
water  line  feeding;  V.fl.  - water  line  is  reverse/inverse. 

Key;  (1).  electrical  cabinet.  (2).  gradient/draft.  (3). 
Axle/axis  of  route. 


of 
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Pig.  12.8.  Caaera/chaaber  of  theraal  grid/network  with  the 


horizontal  setting 

up  of  catches 

with 

hand 

drive 

plan/layout;  b)  cut/section  with 

respect 

to 

i-*s 

2 - installation 

window  in  the 

overlap 

of 

the 

caaera/chanber;  3 - absolute  larks  of  the  bottoa  of  the 

caaera/chaaber,  bottoa  of  channels  and  planning  of  the 
earth/ ground;  4 - support  under  catches;  5 - pit  500  x 

500  x 500  aa;  V.p.  - water  line  feeding;  W.0.  - water 

line  is  re  verse/inverse. 

Key;  (1).  Gradient/draft . (2).  Axle/axis  of  route.  (3). 

to  the  axle/axis  of  fixed  supports. 
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Gasket  compensators  with  the  above-grade  packing  of 
thermal  g rid/netw0rks  on  low  supports  are  installed  in  \ 
open  air  without  any  safety  devices,  but  in  the  places, 
available  to  maintenance. 

In  z amera/ch ambers  and  assemblies  of  passage  channels 
with  the  arrangement  of  reinforcement  at  height/altitude  1 
a of  sex/floor,  are  arranged  the  cun  boards,  equipped  wj 
constant  metallic  ladders. 

Kith  the  above-grade  packing  of  the  thermal 
grid/networks  of  area/site  and  staircase  for  the  maintenar 
of  equipment  and  reinforcement,  they  provide  for  only  whe 
access  to  them  from  motor  vehicles  is  hinder/hampered.  Th 
minimum  width  of  area/sites  must  ensure  pass  in  world/lig 

not  less  than  0.6  n.  on  catches  with  electric  drive,  is 

arranged  the  protective  housing. 
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Passage  bridges  along  pier  are  erected  on  the  sections 
of  intersection  of  a large  quantity  of  railway  lines, 
rivers  and  in  other  places  when  access  to  pipelines  froa 
the  earth/ground  in  the  sites  of  installation  of  the 
reinforcement,  which  requires  maintenance/  is  hinder/haapered. 

In  passage  tunnels  is  provided  for  the  device: 


the  suction  and  exhaust  ventilation  of  periodic  action; 

constant  artificial  electric  lighting  with  the  value  of 
illumination  5 lux  for  locations  especially  damp/crude  and 
with  the  elevated  temperature  of  air  (for  the  illumination 
of  the  passage  channels  and  earner a/chanbers  in  which  it  can 
penetrate  gas,  is  applied  the  explosion- proof  reinforcement) ; 


entries  and 

output/yields 

with 

staircases 

- at  a 

distance  nonmore 

than  300  a; 

the  ejection 

hatches  for 

entry 

and 

output/yield  of  the 

tunnel  at  a distance  are  not 

more 

than 

200 

a and , 

furthermore,  at 

all  end  points 

of 

the 

blind 

sections  of 

DOC  « 7800941 5 


PAGE  ^5^  T'/^P 


tunnel  and  in  the  assemblies  where  according  to  the  designs 
of  pipelines  and  reinforceaent  they  are  formed  the  closed 
area/sites,  which  do  not  have  output/yield  into  tunnel, 
hatches  as  far  as  possible  they  a^e  combined  *ith 
ventilating  shafts; 

Installation  windows  - on  all  direct/straight  sections 
of  tunnels  at  a distance  not  more  than  300  m (during 
overlap  from  stripper  plates  installation  windows  are  not 


provided) . 
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Pig.  12.9.  Caaer a/chaaber  of  theraal  grid/net*ork  with  gasket 
coapensatocs  and  the  built-in  branch  connections  for  the 
contiguity  of  the  tubes  of  the  branches  of  heating  aains. 
a)  plan/layout;  b)  cut/section  with  respect  to  I-I;  1 
catch;  2 - gasket  conpensators;  3 - assembling  window  into 

the  covering  of  the  caaer a/chaaber ; 4 - absolute  narks  of 

the  bottoa  of  the  caaera/chaaber ; the  bottom  of  channels 
and  planning  of  the  earth/ ground ; 5 - fixed  supports  6 

pit  500  x 500  x 500  aa;  V. f.  - water  line  feeding  W. ©. 

- water  line  is  reverse/inverse. 

Key:  (1).  Gradient/draft . (2).  the  axle/axis  of  route.  (3)  L.raont.  : 


J t 

i. 


Pig.  12.10.  Gas- iaperaeable  gasket.  1 - wall  of  building; 

- concrete  of  brand  100;  3 - tube;  4 - beaker/sl ee re ; 5 

- gasket;  6 - ring  gaskets  of  asbestos. 

Key:  (1).  baseaent.  (2).  channel. 

Page  253. 

The  size/di aension  of  the  asseabliag  windows:  length  is  not 
less  than  4 a , width  according  to  the  diaaeter  of  the 

greatest  tube  to  field  0. 1 ■ but  is  not  less  than  0.5  a 
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Before  the  inpat/introductions  of  the  pipelines  of 

thermal  grid/netvorks  into  buildings  into  tunnels  and 
channels,  one  should  establish/install  hermetically  sealed 
pa rt it ion/baffles. 

when,  in  the  territory,  residential  areas  and  industrial 
enterprises  of  underground  gas  piping  systems  are  present, 
it  is  necessary,  furthermore,  to  provide  for  protection  from 
possible  penetration  into  the  buildings  of  gas  along  the 
channels  of  thermal  grid/netvorks.  During  arrangement/position 
within  the  veil  of  fixed  support,  the  latter  is  fulfilled 
in  the  fora  of  the  solid  monolithic  reinforced-concrete 
panel,  covering  hole. 

During  the  axial  displacement  of  tubes  within  wall,  are 

establish/installed  the  special  gas- in  permeable  gaskats  whose 
standard  drawings  are  developed  by  Hosinzhproyekt  (Pig.  12.10). 
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12.4.  Ventilation  of  passage  channels  (tunnels). 

The  temperature  of  air  in  tunnels  Bust  not  ba  above 
50°C,  and  for  the  routine  inspection  and  the  repair  of 
pipelines  it  is  not  ioce  than  40<»c. 

If  the  temperature  of  air  than  higher  indicated#  is 
provided  for  the  device  of  natural  or  mechanical 
ventilation. 

In  all  cases  constant  hour  exchange  of  air  in  tunnels 
must  be  not  less  single  (SHIP  II-G".  10.62) . 


At 

the 

temperatures 

of 

air 

in 

tunnels  to 

40°C, 

ventilation 

is  not  erected. 

In 

this 

case  the 

tunnels  are 

aerated 

by 

the  opening 

of 

hatches 

and  entries. 

Additional  exchange  of  air  for  a reduction/descent  in 
the  temperature  of  air  in  tunnel  from  50  to  40®C  is 
achieved  by  movable  ventilation  installations. 
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removal  (surplus  air  huaidity)  is  not  considered. 

Mechanical  ventilation  is  arranged  only  when  natural 
ventilation  does  not  provide  the  necessary  effect.  The  given 
belo*  procedure  of  calculation  of  the  ventilation  of  the 
tunnels  of  theraal  grid/networks  is  developed  by  the 

industrial  constructio  project.  The  calculation  of 

the  ventilation  of  tunnels  is  produced  t0  the  winter  and 
suaaer  conditions  of  the  wo^k  of  theraal  grid/networks* 

The  calculation  of  the  ventilation  of  tunnels  is 

produced  to  the  winter  and  suaaer  conditions  of  the  work 

of  theraal  grid/networks. 


The  calculated  temperatures  of  surrounding  air*fc  are 

uap 

used;  a)  for  deteraining  the  losses  by  the  structures: 

during  for  winter  conditions  - the  average  aonthly 


teaperature  of  the  coldest  aonth 

during  for 

) 

summer 

conditions  - the 

average  aonthly 

teaperature  of  the 

hottest 

aonth  "t  * 

b) 

for  deteraining 

the  exchange  of 

air:  during  for 

winter 

conditions  > the 

average  aonthly 

teaperature  of  the 

coldest 

aonth 

during  on  suaaer  conditions  - aean 

DOC  » 78009415 


PAGE  rj  r?  (I 


temperatur®  of  the  hottest  month  in 


u h t«'c 


The  calculated  temperatures  of  soil  foe  determining 

the  losses  by  structures  are  accepted  according  to  the 
natural  temperature  of  soil  at  the  depth  of  the  axle/axis 
of  tunnel;  during  calculation  for  the  winter  conditions  of 
the  work  of  thermal  grid/networks  - the  average  of  the 
coldest  month  ^ ^ during  calculation  for  the  summec 

conditions  of  the  work  of  thermal  grid/networks  - the 
average  of  the  hottest  month  r t_  „ °C  ■ 

r r ^ p . 


The  heat  losses  by  structures  into  6oil  are  determined 
from  the  formulas: 

by  one  eater  of  the  tummel 

Wi  **  V(/«  — 1„ «p)  fm  + (8f«  — rtiii  ~ 0,tlr p)  fcr  + 

+ 0.85  (U-tr9)/u  *£)/<,;  m.n 


Key:  (1).  kcal/h- 


by  the  calculated  mectioe 

w«  ”»« U 


(122) 


V 


* 


Key:  (1).  kcal/h 
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where  is  tasperature  of  air  in  tunnel  (channel)  in  °C ; 

as  ’ the  calculated  tenperature  of  surrounding  air  in  °C ; f 

rp 

is  calculated  natural  tenperature  of  soil  at  the  depth  of 

the  axle/axis  of  tunnel  (in  world/light)  in  °C;  4-n  is  an 
internal  surface  of  one  meter  of  the  overlap  of  tunnel  in 

■*/■;  -f  _ is  the  sane  for  the  walls  of  tunnel  in  n*/n; 

*QU)  CT 

OC-^the  sane,  botton  of  tunnel  in  s2/a;  is  length  of 

the  section  of  tunnel  talcing  into  account  the 

expanded/scanned  length  of  passage  niches  for  U-shaped 
compensators  in  n;  a,  b,  c - the  coefficients,  taken  on 
Table  12.7. 

The  laying  out  of  the  territory  of  the  USSH  to 
clinatic  belts  is  accepted:  Siberia,  the  northern  Urals  is 
I belt/zone,  the  niddle  strip  of  the  European  USSR  the  Par 

East  - II  - a belt/zone,  the  south  part  of  the  USSR 

III  belt/zone. 

Heat  releases  by  on*  aeter  of  pipelines  in  tunnel  are 

determined  fro*  the  foreula 

frp-l.llvi  (!<-/,)  (12.3) 

Key:  (1).  kcal/h 


where  > the  specific  heat  losses  by  one  seter  of  each 
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W? 


isolated/i nsulatei  pipeline 

in 

kcal/m* 

°C; 

t ' 

l 

is 

the 

calculated  temperature  of 

t he 

heat  carrier 

of 

each 

pipeline 

in  °C;  l.l  - the  coefficient. 

which 

considers 

the 

additional  heat  losses  by  supports. 

Total  heat  releases  by  pipelines  are  determined  from 
the  formula 

QrP  = «tp*  (12.4) 

Key:  (1).  kcai/h 


where  1 

is 

length  of  the 

section  of 

pipeline 

taking  into 

account 

the 

expanded/scanned 

length  of 

U-shaped 

compensators 

in  a. 

Pipelines  with  the  temperature  of  heat  carrier  t ^ 

40°C  in  calculations  are  not  considered. 

Heat  releases  in  assemblies  by  reinforcement  and  gasket 
compensators  are  considered  by  increase  to  the 
common/general/total  length  of  pipellines  of  equivalent 
lengths  of  the  calculation  of  one  meter  for  each 
reinforcement  and  compensator  according  to  the  diameter  of 
the  pipelines  os  which  they  ere  eetablish/iastalled. 

The  specific  heat  losses  are  accepted  according  to  the 
indications  which  are  given  in  Chapter  13. 
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Table  12.7.  Correction  factors  depending  on  climatic  belts 
and  the  conditions  of  work. 


yc.inSMS  paAiiTU  TCIMo* 

KjMMaTHMCC- 
khA  Home 

^3MaH*HHC  KO»$$N* 
UMCHToB 

a 

b 

r 





1:  II:  III 
, I:  II 

1 III 

0.9 

0,05 

0.9 

1.2 

1.1 

1.2 

0.8 

0.7 

0.8 

Key:  (1).  Work  conditions  of  thermal  gr  id/netvor  ks.  (2). 

Clinatic  belts.  (3).  Value  of  coefficients.  (4).  in  sunner. 
(S) . In  winter. 

Page  254. 

In  the  absence  of  ventilation,  the  temperature  of  air 
in  tunnel  is  determined  from  the  equation  of  heat  balance 
for  the  foraulm 


The  calculated  air  volume  for  the  ventilation  of 


passage  channels  is  determined  for  the  winter  and  summer 
conditions  of  the  work  of  thermal  grid/networks,  if  the 
temperature  of  air  in  tunnel,  calculated  according  to 
equation  ("12.5)  for  winter  period,  is  obtained  above  than 
for  a summer  period.  If  the  higher  temperature  of  air  is 


» 
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obtained  for  a suiter  period, 
ventilation  is  deterained  only 
work  of  theraal  gri  d/net  works. 


the  calculated  air  voloae  for 
for  suiter  conditions  of  the 


the  air  volume  at  the  temperature  of  air  in  tunnel  above 
♦40°C  are  deterained  according  to  the  value  of  the  excesses 
of  heat  to  entire  calculated  section  according  to  the 


forBula 


V - ~ r«  . M, 

Wyi  -W  ' 


where  t ^ 

is  t he 

calculated  temperature 

of  the 

surrounding 

air,  entering  into 

tunnel. 

in  -c; 

- the 

calculated 

teape  rat  ure 

of  the 

outgoing 

froa  tunnel 

air  is 

acs  epted 

40°C« 

The  heat  releases  and  the  heat  losses,  entering  the 
foraula  (12.6),  are  calculated  aith  average  temperature  of 
air  in  the  chaaael  of  equal  to: 


The  losses  of 

head 

of 

air 

in 

ventilation 

systea  are 

deterained  according 

to 

the 

sun 

of 

losses  of 

head  of 

supply  and  exhaust  shaft/aines  with  grid/cascades  and  of 
tunnel  itself. 
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In  this  case,  the  equivalent  diaaeter  of 
tunnel  is  deters ined  froa  the  for aula 


0»K» 


Ihk 

h k 


MM  , 


(U.8) 


pass 


in 


where  h is  a height/altitude  of  tunnel  in  k.  is 

average  width  of  the  free  pass  between  the  surfaces  of 
isolation/insulation  in  tunnel  in  aa. 

Ventilating  shafts  one  should,  as  a rule,  coab ine  with 
the  entries  into  tunnel* 


The  height/altitude  of  the  separate  exhaust  shaft/aines 
aust  not  exceed  6-7  a above  ground  level.  During 
acconplishing  of  shaft/aines  attached  to  buildings  the 
height/altitude  of  shaft/aines  is  deterained  by  the 
height/altitude  of  buildings  (Fig.  12.11). 

Exhaust  shaft/aines  one  should  furnish  in  the  first 
place  at  the  end  points  of  the  blind  sections  of  tunnels 
and  in  the  asseablies  of  the  pipelines#  which  have 
considerable  heat  releases.  On  the  reaaining  sections  of 
tuanel,  the  distance  between  exhaust  shaft/aines  is  accepted 

!• 

about  100  a. 

J 


t 


Pig.  12.11.  Exhaust  shaft/nine  of  ths  wall  of  building 
cut/section  on  I-I;  b)  cut/section  on  II-II. 

Key:  (1).  on. 

Page  255. 


Supply  shaft/aines  they  place  between  exhaust  at  a 
distance  of  approxiaately  50  a and  as  far  as  possible 
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unite  with  the  ejection  hatches  (Pig*  12.12). 

The  botton  of  supply  grid/cascade  must  be  at 
height/altitude  not  less  than  0.6  m of  the  earth's  surface. 

Exhaust  shaft/nines  with  the  considerable  gradient/draft 
of  tunnel  one  should  arrange  at  peaks,  and  supply  - at 
the  lowest  points  of  tunnel. 

The  arrangenent  of  ventilating  shafts  must  be  connected 
with  Planning  and  building-up  of  territory  on  the  route  of 
tunnel. 

Exhaust  and  supply  shaft/nines  are  supplied  with  valves 
or  danpers  for  the  regulation  of  inflow  and  drawing  of 
air,  and  also  for  the  coaplete  closure  of  shaft/nines. 


Fans  with  alectric  notors  is  reconnended  the 
establish/installing  of  in  exhaust  shaft/nines  with  the 
bypass  valves*  which  ensure  natural  ventilation  in  transfer 
and  winter  the  operating  cycles,  of  thernal  grid/networks. 


During  aechanical 
blowers  with  electric 


ventilation  are  applied  axial-flow 
notor  in  one  axle/axis.  A quantity  of 
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79* 

fans  is  accepted  according  to  the  nuaber  of  working  fans 
without  reserve. 

Electric  motors  apply  the  shielded  series  A2  (for 
danp/crude  locations)  and  the  closed  blown  off/o«t  series 
A02  with  aanual  control  and  with  switching  of  the  direction 
of  rotation  of  fans  froa  drawing  to  inflow  and  back  (Pig. 
12.12)  . 

To  the  tine  of  the  production  of  repair  work 
separate  caaera/r haabers  and  the  asseablies,  can  be 
aechanical  aovable  ventilation  installation. 


£ 

1 

) 


in  the 
applied 
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’KtlMtpu  3/ut  3fit'xmDoannup’jmypt,i 


j*  >050  I 950 


Fig.  12.12.  Open  supply  shaft/aine.  a)  plan/layout  with 


with 


cat/section  with  respect  to  III- III 


Key:  (1).  Caaera/chaeber  for  electrical  equipaent.  < 2) 


N 

m 

(T) 
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SOBJECT  CODE  547  ID 

P«9«  256. 

Chapter  13. 

HEAT  IISOlAflOI. 

..  . \ 
i 

13.1.  Materials. 


“*  “,t*“  Of  applicative..,  specific 

weight  a.d  th.  ccfficiaM.  Of  th.  t hoc  sal  co.4actl.it,  of 

th.  0«.  i.rer  of  thatsal  ia.ai.tic,  coh.tr.ctio..  at.  gi... 
la  Table  13. 1. 


o'  “•  »«•  l.par  of  iasalat  ioa 
con. traction  aro  accaptsd  accocdlag  to  takia  1J.2. 

•itk  aadatgeoand  pack!.,  th.  cqaificlaat  ,f  tk.  thataai 





•*  r 
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conductivity  of  soil  is  detersinsd  on  the  basis  of  the 
data  of  research  or  approxiaately  cq  table  13.3. 


Vhersal  insulation  constructions  fros  piercing  sineral 
■ool  sate rials  for  conduit/sanifolds  sust  have  in  upper  part 
the  distributed  supports  froa  strong  aaterials. 
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1.  fith  underground  packing  ara  calculated  coefficient 
of  tkeraal  conductivity  of  baae  layer  of  isolation/insulation 
deteraines  with  coefficient  of  k * 1.2,  which  considers 

soistere  of  theraal  insolation  constructions. 

Key:  (1).  Designation  of  the  notarial  of  theraal  insulation 

layer  in  construction.  (2).  Maxiaua  teaperature  of 
applicatioa/use  in  °C.  (3).  The  spacific  weight  of  a layer 

of  basic  insolation  in  construction  (without  fasteners)  in 
kg/a*4  (4).  The  coefficient  of  theraal  conductivity  in 
keal/a  h deg  (is  not  sore  than).  (5).  Alfol  corrugated. 

Gcsr- 

(6).  Asbestos  cord.  (7).  Mineral  wool  piercing  articles  of 
aark/brand.  (8).  Mineral  wool  noldiags  on  the  organic 
trusses  (phenolic  resin)  (GOST  [ - All-union  State 

Standard]  9573-60)  of  brand  150.  (9)4  Mineral  wool  articles 

....  Go&r-  s 7v£ ~x/  .. 

on  inorganic  trusses.  (10).  Foan  concrete  articles  are 
nonaakoclave.  (11)*  The  sane.  (12).  Foaa  concrete  or 
reinforced  foaa  concrete  articles  are  autoclave.  (li)« 

Gcsr 

Sovelite  articles  of  aark/brand.  (14)4  The  sane,  aark/brand. 

CrO<>r  toj  7f 

(15).  Vulcanite  articles  of  aark/brand.  (16).  Diatoaaceous 
articles  fired  (GOST  2694-52)  aark/krands.  (17).  Ceraaic 
cellular/hoaeycoab  ia  blocks.  (18).  Tbe  slag  cotton  of  brand 
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ISO  .'(GOST  4640-61)  into  packing  under  grid  on  rings  made 
of  hsat  insulation  articles,  (19),  Glass-wadded  piercing 
articles  (GOST  2245-43),  republished  into  1952)  of 
aark/brand,  (20).  Plaster  layer  asbestos  zarite  or  gypsus. 
(21).  Plaster  layer  fros  bituaen  pastes,  a layer  fros  the 
sa8tic  asphalt,  (22) . a plaster  layer  is  asbestos  cesent. 

i 

(23),  Anticorrosion  layer  insulating  material  or 

* «»  • 

bituminous-rubber  waterproofing  material. 


! 
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Table  13.  1.  luiiai  temperature  of  application/use#  specific 
•tight  and  the  coefficients  of  the  theraal  conductivity  of 


layer  of  theses!  insulation  constructions  in  dry 


state  hap ending  on 


HSHMVH'  •••HHr  HSVl  pMSSS  TflMOMIOjMHHUMNOra 

c.ioe  t noNi.rp)auMM 


dpc  1Cjl»U4f 

TCMllcp  ltvp% 
Bp  H vi  i McHHS 

• *C 


0>)mmnuA 

t«C  «4‘»B  *C* 
MosN'iro  mu. 
4flHH**MM'ir*» 
M4TC|>Mt.lt 
B KMMcrpys- 
UMH  ( <t1  Kpe* 

ncMHitt  acts- 
ten)  n s 4 m * 


Ko»*|)Hl|HCHr  Ttll  ionp  .ar.lNOCI 
• Mnti  »paO  (hc  6o.icc) 


Ant^o.it  rcMppupottHHuft 
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/To  
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tptcH  350  (TOCT  10179-62)  . 


I *>Cons.iMronwe  nijimni  Mapan  350  (TOCT  6786-  53)  . . . 

Uo  JKC.  MSpHM  400  

UytstMHTOtys  hu«4HS  MtpKM  150  ((  OCT  10179-62)  .... 
jpTo  me,  MtpsH  80 

Amitomoiwc  mjacjins  otionuscHHuc  (fOCr  2094—52/  aasp- 

500 

< )Ccpt  M H MS  N'lCHCTt  S t OdBKtX 

MenepantHa*  tart  Mtpsn  ISO  (TOCT  4640-611  • NSftMHicy 
;Vboa  cefay  sn  soanuai  mi  TCWson mm  mu  mom mm k mjjc./imS 
uCTtuoiiTHua  npoiSMtHMe  NSaeAta  (TOCT  2245—43,  nrpe 

nmihhuA  t 1952  r.)  MtphH  170 

p^BItyatTypHwA  caul  acAo«y  pHroauft  njih  mncoeuiA  . . . 
dtilryaary pNud  cnoi  Hh  CerynHu*  nacr.  csoi  Ml  ac<t>JJifc- 

r raaui  

^JfctyBavypNM*  caaA  acSacTtmtatTiuA 

^MTHBOppOtMiaiMi  CSOi  H tO  SOS  a*  i MAM  flpHBOAOSUi  . . . 


ITS 

35(1-400 

40U 

800 


200 

85o — 900 


0.051+0.01022  / 

0.120+0.00020  lCp 

0.046+0.00016  te? 

0.014  +0.00017  t 
0.0  >3+0.0001 7 /Cp 
0,094 +0.000 26  tL 
0. 109+0.00026  lQ* 

0,090+0.00020  7C 
0(06S+0.(Jikil6  i* 
0.067+0.00016  / * 
0.0  *7+0.04)16  I* 
0.070r0.000l  i /Cp 

0.100+0.00020  I 

0. 100+0.  00026  lfp 

0.050+0.00)16  /cp 

0.036+0.00020  # 

0.2  npn  50*  C R 

0.21  . 80*  C 

0.11  . IT  C 

o.is— o,i  . ao-7o*c 


■otea:  1.  lith  underground  packing  without  the  air 
space  of  the  value  of  the  coefficient  of  the  theraal 
conductivity  of  n plaster  layer  end  construction 
enclosure/ protections,  they  accept  different  to  the 
coefficient  of  the  theraal  conductivity  of  the  grot ad. 
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Table  13.2.  Mean  teaperatures  of  the  base  layer  of 
UinlAtioa  coa  street  loss. 


TolutftaTvr*  '»ap>  - 

mawuifti  ipfJM 

a *i. 

[/)  Tvsineparypa  Ten.iuMocMicia 

1 B *C 

so  1 

too 

ISO 

| auo 

| 250 

| a» 

1 »' 

'cp 

Si.  .«C 

2 

-HO 

50 

76 

100 

130 

155 

180 

210 

+JS 

44 

70 

96 

125 

iso 

175 

206 

+IS 

J9 

65 

90 

128 

145 

170 

XJ0 

+» 

lb 

62 

43 

111 

136 

163 

in 

• 

13 

60 

M 

110 

IIS 

l«0 

IDO 

-IS 

r. 

il 

n 

106 

110 

ISS 

in 

-ID 

72 

45 

<6 

« 

IV 

IIS 

Motes  1:  with  underground  packing  in  iapassable  and 
seaiaccess  channels,  the  aabient  tenperature  is  taken  egual 
to  the  tenperature  of  air  in  channel. 

2.  At  underground  channel-free  packing  aabient 
teapecature  is  accepted  egual  to  tenperature  of  soil  at 
depth  of  laying  of  axle/axis  of  conduit/nanifold. 


Mays  (1).  Tenperature  heat  carriers  t in  °C«  (2).  Aabient 

teapecature  in  *C. 
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Table  13. 3.  Coefficients  of  the  tberaal  conductivity  of  soil 
•t  depth  1.9  ■ at  teaperatare  of  »l*c. 


/)  Xipmr«pncTMKi  rpyMToaui  ycdoiNl 


paC*lPTH4fl 
• 6CO.1I0THJM 
a.iawMocTb 
rpy«T»  > % 


l*> 

•user h^imp jumu  n<> 
•44*M”CTM 

iv 

• Hi  i p > H r • 

w 

oAvcmhuA 
•fc  cyxoA 
mac  cm  rpyHTa 

• «#/*• 

1 

(/'  ) 

r.lHNHCTUe  M Cy  r.lMHKM  I'i)  I 

1600 

2000 

IltfCKM  H lirCMAHUC  (l  ' 

1000 

2000 

Kpy<m<»o6.v>\inMHuc  outfit- 
MMCTUC  M rpiBHHHUC)  (j  .X  ) 

2000 

CNiiibHue  ||M 

2400 

(IV.) 

r JlMHHCTUC  N C/T 4MHKM 

1600 

2000 

rlCCKM  H BCCS8NMC  (f ) 

1600 

2000 

KpynHo«)6.v>Mo>tHMe  outfit' 
HHCTNC  H f paHHMNUt  f f) 

2000 

CkVbHue  ('V 

2400 

r 4MMMCTMT  N C)*MNNKH 

1600 

2000 

11  fCKH  n nec‘<iMur  , 

1600 

2000 

<e"> 

l\pyiiHo»>6.v>%ii>*iHNe  outfit* 

MHCTUtf  N rpjBHflHIii')  (j)  ) 

| 2000 

: 

Caa.ibNMa  (-)i) 

3400 

1 Kntit.fliiittnT 
sicterMi  Miypw.iT 

ua»H..cTk  itnjonp«*o*- 

rpyHTa  h a “nc,M  rPy“T« 

cfuac  c c r*iom  *ro 

Hao.iaiiHcA  aaaKH*>cTi* 
a % ■ KHOA/m  a 

tpai 
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Key:  (1).  Characteristic  ground  conditions*  (2)* 


classification  on  huaidity. 

(3). 

the 

fora 

of 

soil.  (4)  the 

specific  veight  of 

the 

dry 

aass 

of 

soil 

in 

kg/a».  (5) . 

the  calculated  absolute 

huaidity 

of  1 

soil 

in 

o/o.  (6).  the 

calculated  huaidity 

of 

scil 

on 

joint 

with 

isolation/ insulation 

in 

0/0. 

(7). 

the 

coefficient  of  the 

theraal  conductivity  of  soil  taking  into  account  its 
hasiditj  »rP.  in  kcal/s  h deg.  (8).  the  averaged  calculated 
coefficient  of  the  theraal  conductivity  of  the  soil  of 

calc*  in  kcal/s  h deg*  (9).  Clay  sad  loans*  (10).  Sands 
and  sand.  (11).  Low-aoisture.  (12).  Large-fragaent  (rubble 
and  gravel).  (13).  Bock.  (14).  Clay  and  loans.  (15).  Sands 
aqd  sand.  (16)*  Hoist*  (17)*  Large-f ragaent  (rabble  and 
gravel).  (18).  kock.  (19).  Clay  and  loans.  (20).  Sands  ai*d 
sand.  (21).  later-saturated.  (22).  Large-f  ragaent  (rubble  and 
gravel).  (23).  Bock. 
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Table  13.4.  Boras  of  the  losses  by  the  isolated /in su la ted 
coadait/aaai folds  indoors  and  tunnels  with  the  calculated 
teapesatvre  of  air  '»  aithin  Units  froa  20  to  40  ® c. 


CSV 

1 

X a. 

* s 

1M 

UlTeenrpatyp*  Tend*  nocNTeaa  a *C  (cpejNcrnjnaaa 

r M.1M  cpeiNtCeiONNJI) 

50 

70 

100 

150 

250 

| 350  | 

(5>  n-.Tt-pM  Ten.««  a kk(ia!m  h.  we  fto.ice 

32 

12 

18 

28 

43 

74 

105 

57 

14 

21 

32 

53 

90 

127 

76 

15 

21 

37 

58 

99 

141 

89 

16 

25 

39 

62 

105 

149 

108 

22 

32 

45 

68 

113 

160 

133 

27 

37 

53 

76 

126 

176 

i:>9 

31 

42 

60 

84 

no 

192 

219 

38  ' 

49 

70 

100 

165 

227 

273 

42 

55 

78 

in 

IHJ 

253 

325 

45 

61 

85 

122 

200 

278 

377 

50 

66 

92 

131 

218 

300 

426 

53 

71 

98 

140 

235 

322 

478 

60 

78 

109 

155 

253 

349 

529 

66 

85 

12 0 

no 

27ft 

375 

630 

82 

104 

140 

195 

310 

425 

720 

95 

119 

160 

210 

340 

470 

820 

110 

138 

190 

250 

3*) 

515 

920 

135 

159 

205 

275 

415 

555 

1020 

iso 

182 

225 

300 

450 

600 

1220 

180 

2Uf 

260 

350 

515 

690 

ley:  (1).  outside  disaster  of  tubes  in  an.  (2).  The 
teaperature  of  boat  carrier  ia  *C  (aean  annual  or  aean 
seasonal).  (3).  The  heat  losses  in  Jtcal/a  h,  are  not  sore. 

Table  13.5.  Boras  of  the  losses  by  the  isolated/insulated 
conduit/aani folds  ia  the  'opea  air  with  the  calculated 
teaperature  of  air  '»*=<- io*c  sad  isolated/insulated  by  steaa 
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condensers  of  underground  packing  in  inpassable  channels  ah 
tl(e  sale*  la  ted  teaperatare  of  aoil  at  the  depth  of  laying 


'rp-cp  rom 


■ + 3*C 


ml  [•> 

11 

X e • 

IcPncMnepaTypa  Teaj  >uncNTeja  a *C  (cpcjacrtu-.iua 

1 UN  Cp«JN«Cn»NHa| 

50 

I » 

I 100 

[ ISO 

250 

MO 

(i) 

rioTcpM  Tciwa  a KKa.t/M  i.  He  6<>.ice 

32 

IS 

24 

31 

46 

77 

Iu6 

57 

21 

28 

40 

58 

96 

134 

76 

25 

33 

45 
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89 

28 

36 

50 

71 

114 

156 

108 

31 

41 

ss 

n 

125 

172 

133 

35 

46 

60 

85 

136 

188 

■» 

38 

48 

65 

94 

148 

205 

219 

46 

57 

78 

110 

175 

240 

273 

S3 

67 

87 

125 

198 

268 

325 

60 

76 

100 

140 

220 

300 

377 

n .. 

89 

114 

156 

240 

326 

426 

82 

IOO 

128 

173 

260 

352 

478 

89 

108 

136 

185 

280 

375 

529 

95 

115 

145 

196 

300 

400 

630 

104 

127 

160 

218 

330 

140 

720 

115 

138 

176 

238 

358 

480 

820 

135 

161 

200 

266 

398 

635 

920- 

ISS 

183 

225 

296 

440 

585 

1020 

110 

212 

2S5 

330 

485 

640 

1220 

206 

239 

290 

380 

560 

740 

toy:  (1).  Outside  diaaeter  of  tubes  in  an.  (2).  The 

taaperature  of  heat  carrier  ia  *C  (aean  annual  or  aean 
seasonal).  (3).  The  heat  losses  in  heal/n  h,  are  not  aore 
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Table  13.6.  The  noras  of  the  losses  by  the 
isolated/in sulated  condolt/aanifolds  of  the  water  thermal 
grid/aet works  of  underground  packing#  arraage/located  la 
ia passable  channels  it  is  channel- free- 


(<-) 

CyMMapMMe 

noTcpM  tciuk 
npM  jsytTpyA- 
NUA  lipoK.IIlKC 

^noA^*^,oflp 
• KKa.i/M  H 


(7fl<aa»uua 
struct  pa  iw. 
'mu  c*lw*C; 
tUUH=*J*C. 

/Cp=,00-c 

^noA 

■ KKOA/M  h 


r W 

Cy  uMapHiae 
noTcpH  ren.it 
ups  iwyttpyA- 
h«<A  npoa.iaiKt 

^iioa^^o  fip 
a KKU.I  M H 


f?  / Vl'tianuiafl 
MtrHCTpa.it. 
lMtKc“,J°*C; 
'mum*7®** 

fcp=90-C 

QfnoA 

B KKU.I  M H 


& 

OApaTsaa 

MtrMCTpa.it, 

<CP-S0*C 

*lo6p 

S KKU.I  M H 


(•> 

HapyntNM* 
iHaecTp  tpy6 


fo)  Me  Ao.iee 


32 

40 

45 

49 

54 

65 

79 

90 

100 

107 

121 

132 

142 

163 

181 

200 


107 

130 

150 

168 

183 

203 

223 

243 

277 

306 

341 

373 

410 

479 


<'00 

720 

820 

MU 

1020 

1220 


CyMMjpHiae 
noTcpM  T tf  11.1  J 

npM  JHyxrpvA. 

moA  np  -K.u:- 


Key:  (1)*  Oatsiie  diameter  of  tabes  ia  (2|  • 

Bawerse/in verse  aaia  line,  in  kcal/a  h.  (3).  The 

feed  pipe,  in  kcal/a  h.  (4).  Total  heat  losses  with 

two-fannelled  packing  in  kcal/a  h.  (5),  The  feed 


two-funtelled  packing 
PiP«* 


in  kcal/a  h.  (6).  Total  heat  losses 


with  two- funnelled  packing 


in  kcal/a  h.  (7) . The 


feed  pipe, 


in  kcal/a  h.  (8).  Total  heat  losses 


with  tvo-funnelled  packing 


in  kcal/a  h.  (9).  it  is 


not  wore. 
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Layers  of  the  aineral  wool  and  glass-wadded  Materials 
of  piercing*  on  synthetic  trasses  and  without  then  in 

coaposite  or  printed  insulation  constructions  aust  be 
consolidated  to  the  specific  weight*  given  in  graph /count  3 

tables  13. 1 on  the  basis  of  the  data  of  Chapter  SHIP 

[ - Construction  norss  and  regulations]  l G.  10-62. 

according  to  the  indications  of  the  sane  chapter  SIIP 
of  the  thickness  of  insulation  constructions*  they  aust  be 
establish/installed  on  the  basis  of  the  technical  and 
econonic  calculations  or  according  to  the  effective  nor ns  of 

the  losses*  Tables  13.4-13*6  give  the  norss  of  the  losses 
by  the  conduit/aanifolds  of  theraal  grid/networks  at  the 
average  annual  values  of  the  tenperatures  of  the  heat 


carrier 

and 

the 

environaent* 

affirned  by  the 

technical 

re  vies 

4 

board 

of 

the  Rinistry 

of  Ccoastr action 

of  p over 

stations. 


•he  values  of  the  losses  at  the  aaxiaun  and  other 
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“G‘ 

assigoed/prescribed  temperatures  of  beat  carrier  and  the * 
corresponding  aabient  tenperature  are  deternined  froa  the 
foraula 


fl3l) 

where  n are  losses  of  heat  1 a of  heating  aaia  at  the 

aaxiaea  or  other  assigned/prescribed  teaperature  of  heat 
carrier  t in  kcal/a  b; 

#,MOp“~  the  loss  of  heat  1 a of  heating  aaia  on  aoras  at 

**  • • v ....  _ .... 

the  average  annual  teaperature  of  heat  carrier  '.P  ia  kcal/a 
h; 

1 •pcp.Hurot  - aa  aabient  teaperature  <air  or  soil  'rP).  by 

■kick  are  given  the  noras  of  the  losses  of  heat  ia  *C$ 

'om>.cP  - an  aabient  teaperature  at  the  aaziana  or  other 

assigaed/prescribed  teaperature  of  heat  carrier  in  #C. 


Ql  ~ V.IIOpU 


OK  P C p 


^cp  ^oKp.cpc4N«.roj| 


kcal/a  ht 


13*2*  Deter ainati on  of  theraal  resistance  and  thicknesses  of 
insulation  construction. 
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the  coaplete  thermal  resistance  of  the  which  is  subject 

to  isolat ion/insu lation  conduit/aanifold  deter aines  according 

<•••••  . 

to  the  noras  of  the  losses  according  to  the  foraula 

■ h deg/kcal,  (|3  a) 

•here  t is  teaperature  of  heat  carrier  in  »C; 

* ••  • . r 

t 

te  * the  aabient  teaperature  in  0C;> 


f,“  the  norn  of  the  losses  by  the  isolated/insulated 

coed ait/eani fold  in  kcal/a  h. 

*"*  **  • •-  - 1 ...... 

the  losses  of  heat  by  the  isolated/insulated 

conduit/aanifold  deteraine  froa  the  saac  foraula  (13.2) 
according  to  the  known  coaplete  theraal  resistance  of  the 
insulation  construction: 

h.  6l33) 

the  coaplete  theraal  resistance  of  the  isolated /insulated 
conduj.t/aaaifold  of  the  superheated  sheas  of  large 
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extent /elongation  determine  according  to  the  peraissible 


te ape rat ere  Arop  pair  according  to  the  foranla 


h deg/kcal 


teaperatare  is  pair  in  the  beginning 
igaed  section  in  °C; 


where 


the  ambient  teaperatare  in  °C 


calculated  consaaption  pair  on  the , designed  section 


the  calculated  length  of  steaa  line,  is  egual  to  Jp=»p/. 


the  length  of  the  section  of  steaa  line  according  to 
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fatal*  13,7.  fal«M  of  coefficient  p. 


(0 

CnocoA  npoiuaiKM 

• • 

Ten.utauc  cctm 

(v 

MarNCTpa.ib* 

MUC 

t^acn  pcu-.'M 

TIMI.MUC  II  '-T-  | 
BCTO  U IIHII  K 

liTJlMbHIM 

a.iahiiHM 

Bechaaa.ibHaa  (?' • . 

B n«  McuivNiiax.  r<>MMfjax  .'(r.  . 

i.t 

1.15 

1.15 

1.K 

lUiMNiaa  

b) 

1.3 

1.3 

Key:  (1),  lot  hod  of  packing.  (2).  theail  grid/networks. 
(3).  Bain-line.  (4).  distributive  and  branch  to  separate 
buildings.  (5).  Channel-free.  (6).  In  locations,  tunnels. 
(7).  Above-grade. 


BOC  - 7B00BBW  Pi«I  tU 

faklo  1JU I.  Coapl«t«  tk«rul  rwiatoc*  of  thm 
iaoItUi/iuiititi  hoatimg  atlas  la  ti«  » a clous  foras  of 


M 

in  Ten.ionpoaoaos 


I.  Dojayujiiia  |t^) 


2.  Ceck4Hj.it.Maa  ojHoipyftHaa 


0 CoCTaa.iHHtuiHe  iwMHoro  Tt-pMM<ivck<>ro  coapoTMaaeMNB 


Q)  TcpMMMcckoe 


[£)  NM.mutmMN'.A  toNrTpykttaa  Ki.iui|»oioji 


(y)»- 

•KpoBMwI  o C.IOfl 

la  -i- 

rfna 

>*„ 

(13.6) 

*7 

TCUoOT J4HM  B nttpVKa 
10 111 •) A B034)X 


(* 

rpyHT.  «•  nwipi 

«.•*  TpytM 


: 

1 1 5«k 


■yiTpy6H.il 


f.  B neopoXo jH-»w  oJh<>B'icAbo- 
wjhj.ic  aayxipyCHaa 


6.  B NClIt)  iImJHmM  JHYM.BWCAk  *• 
BOM  k.lM.I.lC  4BV  XTpyCiHaa 


7.  FIoHIOIUhA  TfO.lonp'.Bol  B 
SlHO«MCifkOBOM  MCtlpoKiUHOM 

lid 


I.  06p..TMwA  Tciijonp  -Boi  6ec- 
BaMt.ii.HoA  npok.iaikM 


3NlHtNlll  KOi«f).f>MIIMeMTOB  * M 
^bim  lJ,B  noja**u|V*‘w  m «»Apar* 
a»»f*i  rcn.r  iipoBOioo  aoy«rp)6- 
mmA  np>»k.iajkM  t 


^BaplltHTM  pacieroB  | 


I npn  MSBe.TMoA  kon- 
CTpykiUiM' 

lA'>’ 


Q.U\  npotoiaiki  AeckaNaibHaa  n b asy  X'WBmcAkobmi  Kaauai 


( *l  *rp)  */»  ( ^ a f rp)  ( *•"“ *rp) 

(13.12)#  "*  -( 


- npM  H3BICTHMI 

Ruiepn  reo.ia 
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Key:  (1).  Coa prising  of  the  coaplete  theraal  resistance  of 

the  isolated/insulated  heating  aains  in  a h deg/kcal.  (2) • 

Theraal  resistance*  (3) , the  insolation  construction  of 
heating  nain  (4).  soil  for  the  isolated/insulated 

tube.  (5).  channel  and  soil  (6).  Pora  of  the 

packing  of  heat  conductors.  (7).  basic  insulating  layer. 

(8).  a cover  layer.  (9).  heat  eaission  into  surrounding 
air*  (10) . heat  eaission  f roa  air  to  the  wall  of  channel. 
(11).  soil  for  a channel.  (12).  the  autaal  effect  of  tubes 
with  two-funnelled  packing.  (13).  Coaplete  theraal  resistance 

. . l X « tpad  KKax  

of  the  isolated/insulated  heating  aain  in  a h deg/kcal. 

(14).  Air.  (15).  Channel-free  is  siqgle-pipe.  (16). 
Channel-free  two-pipe.  (17).  in  inpassable  channel  is 
single-pipe.  (18) . In  inpassable  unicellular  channel  is 

two- funnel led.  (19).  In  inpassable  two-cell  channel  is 
two- fennel led.  (20).  Feeding  heating  aain  in  unicellular 
iapassahle  channel.  (21).  fieverse/inverse  heat  conductor 
channel-free  of  packing.  (22) . Values  of  coefficients  * and 

for  the  feeding  and  reverse/iaverse  heating  aains  of 
too- funnelled  packing.  (23).  versions  of  calculations.  (24). 
Packing  channel-free  and  in  two-cell  channels.  (25).  Packing 
iq  iapassable  unicellular  channels.  (26).  I - during  knowq 

construction.  (27).  II  - with  the  known  heat  losses. 
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Key:  (1).  Example.  (2).  It  is  given4  {3) i answer/c esponse. 

(«)•  Thickness  of  the  base  layer  of  insulation  construction 

■a. 

Page  263* 

The  conplete  theraal  resistance  of  the  isolated /insulated 
beating  sains  during  the  known  constructions  of  heat 
insulation  are  defined  as  suns  of  thernal  resistance 

according  to  the  circuit,  given  in  table  13.8,  according  to 

foraulas  (13.5-13.  11)  • 

Designations,  accepted  in  table  13.8. 

d„  is  a diaaeter  of  the  isolated  heating  nain  in  n; 

d.t  the  diaaeter  of  the  base  layer  of  insulation 

construction  in  a; 

, - the  diaaeter  of  insulation  construction  in  a; 
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the  diaaetcc,  equivalent  to  the  internal  periaeter 


of  the  section/cut  of  channel  and  equal  to 


the  coefficient  of  the  thernal  conductivity  of  the 


layer  of  insulation  construction  kcal/a  h deg 


- the  coefficient  of  the  thernal  conductivity  of  a 


cever  layer  in  insulation  construction  in  kcal/a  h deg 


the  saae,  soil  in  kcal/n  h deg 


heat-transfer  coefficient  of  the  surface  of  insulation 


construction  into  the  environaent  in  kcal/a*  h deg 


froa  air  in  channel  to  its  internal 


surface  in  kcal/a*  deg 


h - the  depth  of  the  laying  of  heating  aain  of  up  to 
its  axle/axis  in  a; 


*<  the  conplete  thernal  resistance  of  the  isolated/insulated 


h deg/kcal 


the  thernal  resistance  of  the  insulation  construction 
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of  beating  aain  in  a h deg/kcal; 


fir  - the  sane,  the  base  layer  of  isolation/insalat  ion  of 

beatiag  aain  in  a h deg/kcal; 

*7  - the  sane,  the  protective  coating  of 

isolation/insnlation  of  heating  aain  in  a h deg/kcal; 

- the  sane,  to  heat  eaisaion  of  the  surface  of 
isolation/insulation  of  heating  aain  into  surrounding  aediua 

in  a h deg/kcal; 


#<rp  is  the  sane,  soil  with  respect  to  the  base  layer  of 

isolation/ insulation  of  heating  aain  in  a h deg/kcal; 

the  sane,  channel,  equal  to  theraal  resistance  to 

beat  eaission  of  air  vitbin  channel  its  wall  in  a h 

deg/koal; 

**'"  - the  sane,  soil  with  respect  to  the  internal  - 

ssctiss/cut  of  channel  in  n b deg/kcal; 

*'»«  - total  beet  resist  ease  of  cbaanol  and  soil  around  it, 

of  sal  to  *!"  ♦ 'i’.'ii  0 b deg/kcal; 


— - ■ ' - . 

» / 
* 


k - distance  on  the  horizontal  between  the  azle/azes  of 
heating  aains  in  n; 

•*  is  a factor  of  the  theraal  resistance  of  the  antaal 
effect  of  heating  aain  with  packing  in  two-cell  in passable 
channels  or  shells  without  the  air  apace,  equal  to 


h deg/kcal; 


n*  ~ the  additional  thersal  resistance  of  the  actual  effect 
of  heating  aains  for  the  feeding  beating  nain  in  a h 

dt«/fccal; 


"•*-  the  sane,  for  a reverse/inverse  heating  aain  in  a h 
deg/ktal; 


- the  dineasioaless  coefficient,  which  determines  for  the 
fehliaf  heating  aain  the  additional  theraal  resistance  of 
tl|«  actual  effect  of  heating  aains  with  packing  in  two-cell 
la passable  channels  or  shells  without  the  air  space; 
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^ A*  diaensionless  - the  sai«t  foe  a r averse/in verse 
heatieg  aain; 

♦'«««  i«  the  coefficient,  which  deteraines  for  the  feeding 
*••*^■9  Bain  the  additional  thernal  resistance  of  the  aotoal 
•ttoct  of  beating  nains  with  two-funnelled  packing  in 
aaiceilolar  impassable  channel; 

♦jxiii  — the  sane,  for  a reverse/inverse  heating  aain* 

fhe  values  of  heat-transfer  coefficient  froa  the 

surface  of  thermal  insulation  construction  into  surrounding 
air  and  heat- transfer  coefficient  froa  air  within  channel  to 
the  sail  of  channel  «k..  ere  accepted: 

in  inpassable  channels  keal/a*  h deg; 

in  passage  channels  and  locations  - keal/a*  ' h deg; 

in  the  open  air 

fet  wind  velodtf  9 a/s  *,-«•  kcal/n«  k deg. 

• • • 10  ( 

• • e If  * •|«30 

•he  thernal  resist 


the  base  layer  of  insolation 
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construction  are  defined  both  the  difference  according  to 
the  for so la 

= a h deg/kcal;  (.13,33^ 

where  R"  is  a sua  of  the  particular  thernal  resistance  of 
the  isolated/iasulated  heating  sain,  with  the  exception  of 

the  thernal  resistance  of  the  base  layer  of  insulation 

construction  of  a h deg/kcal. 

the  thickness  of  the  base  layer  of  insulation 

» 

construction  is  deterained  froa  the  value  of  the  paraneter 

% ln~ 

a)  by  analytical  ealcalatioa  according  to  the  foraala 

• -•  • 

A..--2  j -*•  ».  (I33«» 

e » 2.71828  - layer iaa  bane  or 

b)  according  to  the  curve/graph  of  Pig.  13.1. 

13.3.  Deter  ain  at  ion  of  the  teeperature  in  the  different 
points  of  the  teaperature  field  of  Insulated 

cond uit/aanifold. 


DOC  * 78009416 


PAGI  Vf 


the  teaperature  of  air  within  iepassable  channel  <».«  is 
deternined  froa  the  foraulas: 


a)  with  Mltitebe  peck  law  ia  the  ealcellalar  channel 

V.  - 


*»,<«,  , h 

+ = +■■•+*; 


k W|  tpi  tit  fpi 


rp(/» 


+ TT*~ 

nl  K1H  , 


D + o 1 l"  T5 + o — 

#'4*pt  «4» pt  nt  IP(*I  «|«« M 


C;  (li.35) 

k)  with  mgie>pip«  pa  care  9 ta  eaacemier  channel  and 

■ • ...  i ... 

tor  kach  ceil  with  two-faaaelled  peeking  ia  two-cell  channel 


mml  — V —trf)  *C- 


(U.J6) 


la  these  foraalas: 


t.  lu  hr...  I,  is  teaperatare  of  heat  carrier  in  each 
cosdeit/aaaitold  in  °C; 


*r».  the  teaperatare  of  soil  at  the  depth  of  the  laying 
of  tke  azle/azis  of  condnit/aanifold  in  °C; 

Rnr‘Rt*p *<tp«»are  the  theraal  resistance  of  the  insalation 

coasts  actios  of  aaeh  condnit/aanifold  in  a h deg/kcal; 


Si-  the  coaplete  theraal  resistance  of  the 
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isol at ed/i assisted  co«4tlt/mlfoH  i»  * i deg/kcal; 


tto  total  partieslar  tfctml  of  channel 

Mil  itoul  ckaaasl  ia  a k dsg/kcalw 

Voopocat.ro  ••  oorfaoo  of  a «•••«  Uf«  •«  Usniatioa 

eoaatroetioo  la  dstsraiaed  It**  tbs  focaala 

0».®> 

where  /.  the  ambiant  temperature  cUcjree  cC-. 

With  overhead  laying  z.-z«-W  with  underground 
laying  /.-/rp. 

Temperature  on  surface  of  cover  layer  of  insulation 
construction  is  determined  from  the  formula 

i.  />» 

, ^ ' .C|  <,3.3^ 

ton  if*  la  portlcolar  tkeroal  resistance  of  a coo  or  layer 


ton  if*  la  portlcolar  tkeroal  roalataaco  of  a coo  or  layer 
of  loaalatloa  coaatractloa  la  a k deg/kcal. 


the  toaperaturo  in  any  poiat  of  soil  /„  (Pig.  13.2) 
nith  coor dioat os  z and  y is  dotoralaod  t«  the  for solas: 

a)  with  channel- free  single-pipe  packing  in  the 
cylindrical  iaolatioa/ loan lot ioa 

<«,  - I,  + U - tj »C,  (U.39) 

» 


b)  with  channel-  free  tvo-fu  anal  led  packing  in  cylindrical 
loalation/iasalatioa  and  in  the  coaaon/geaetal/total  cast 
iaalation/lasalation  of  tie  recta ag alar  cross  section 

*m-U  + 0.  - U - - - ' *C;  (U. -W) 

"ii 

e)  with  pocking  is  tbs  aeisellodar  lapses,  hie  etna  sol 

'*»  -<#  + (/..«•  - Z.)—2—  *C; 


03.41) 
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d)  with  packing  la  double-cell  i a passable  channel 


*'*  *•  + <'•«» 5773 C.  (13.12) 

"/  «.»  ^ Kl  1.2 


In  these  foraulas: 


<rv  is  teeperatuce  of  soil  at  the  depth  of  the  laying  of 
the  axle/axis  of  conduit/aanifold  in  °c; 

V-  the  teaperature  of  surrounding  air  in  ®cj 

h - the  depth  of  the  laying  of  coaduit/aanifold  of  up  to 

axle/axis  in  a; 

x - distance  fcoa  the  point  foe  which  is  deterained  the 

teaperature,  to  the  vertical  plane,  passing  through  the 
axle/axis  of  conduit/aanifold  with  the  larger  teaperature  of 

heat  carrier  or  unicellular  iapassable  channel,  in  a; 

y - distance  froa  the  earth'e  surface  to  point  with 

coordinates  XT  in  a; 

• - f ■ ■ ... 

W-  *1  t.ii  - the  particular  theraal  resistance,  deterained 


DOC  «*  78009416 


PAGE  S9r  q ^ 


by  fpraulas  given  above,  in  a h deg/kcal; 

- coaplete  theraal  resistance  in  a b deg/kcal; 

t - the  teaperatore  of  heat  carrier  in  °C; 

- the  teaperature  of  air  in  iapaasable  channel  in  °C; 

t,  - aabient  teaperatore  is  ^accepted: 

•'*  I ’ •-  •••-  • ‘ • • » 

aith  h > 0,7  a U-t,„  into  °C; 

aitb  h > 0.7  a into  «C; 

~ the  theraal  resistance  of  exterior  layer  of  soil 
after  poi  at  vith  coordinates  x and  y;  it  is  deter  ained 
fros  the  foraolas: 

vith  y >/  0*7  ■ 

♦*>  “ 


deg/kcal;  (|3V3) 


■ h 


with  j < 0.7  B 


f <» + (?-*)» 


£/A  V-fJ 


_ r ftlH-nc  . / 

2^,  ^ n a^/Kcal- 

Beoigaatloas  with  the  sabecript  BZ«  MliUd  to  ladle** 
for  b eoBdalt/BB  Bifold  sith  id*  larger  t*ap*ratar*  of  boat 

carrier. 


Baring  the  deteraination  of  the  teaperatare  in  any 
point  of  th*  so  r face  of  soil  <*  <a»*  should  as*  the  gie*a 

above  formulas,  accepting  into  °C,  and  vale*  4* 

•goal  tos 


rig.  13.2.  Croee  aeetioa  of  amagamt  of  heetiag  aaia  of 
aadorgsowd  pack!  a g. 


3} 


